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Abstract 
This thesis described the use of polyether dendritic fragments to solubilize 
intractable conjugated oligomers, such as oligo(phenylenevinylene)s OPVs and 
oligo(phenylenethynylene)s OPEs. An accelerated approach for the synthesis of oligo-
(phenylenevinylene) using a dimeric propagating unit 72 was described. Unfortunately, 
this unit cannot be used to grow OPV on a dendritic matrix. On the other hand, 
propagation units of different length 116, 119 and 121, could be used to grow OPE on 
our polyether dendritic fragments. In this synthetic study, we were able to prepare the 
tetramer 134, hexamer 135 and octamer 136 of OPEs with significantly improved 
solubilizing properties by appending dendritic segment on both ends of the oligomer 
backbone. Unfortunately, despite numerous attempts, we were unable to remove a small 
amount of impurities generated during the coupling procedure. Hence we were unable to 
fully investigate the physical and redox properties of these molecules. Future efforts 
should be devoted to use alternative coupling procedures or catalyst systems to avoid the 
formation of the undesirable byproducts. 
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1 . I n t roduc t i on 
1 . 1 . General background on conducting polymers and oligomers 
Organic polymers that conduct electricity are useful candidates for electronic-
applications ranging from fabricated semiconductor chips, electrodes, battery components, 
sensors to electrochromic displays.^ Most classical organic polymers, in contrast to 
metals, are electrical insulators. However, upon doping, their conductivities increase 
tremendously. Organic conducting polymers possess useful properties such as ease of 
fabrication, flexibility, lightness of weight and chemical inertness. This is why the subject 
of conducting polymer is the focus of intense research activity. 
Earlier investigations on intrinsically conducting polymers began in the early 
sixties. However, it was not until 1977 when MacDiannid and Heeger discovered that a 
significant increase of conductivity of poiyacetylene (PA) coiild be realized upon its partial 
oxidation.2 The conductivity of the resulting PA reached value (a = 1.7 x l()5 S/cm) 
comparable to that of metallic copper (a 二 6A x 10^ S/cm). Similarly, the conductivity of 
poor organic conductors could also be increased by several orders of magnitude upon 
doping, i.e., addition of oxidants {e.g. AsF5, SbF5 or I2) or reductants {e.g. aU^ali metaLs) 
to the polymer matrice.^ 
Polyacetylene thus became the prototype in the synthesis and study of other 
electrically conducting organic conjugated systems. Thereafter, a wide variety of po lymers 
with different conjugated units were prepared. Of notable interest were poly-(y)-
phenylene), po ly - (p-pheny lenev iny lene) , po ly (an i l ine) and poly(pyiTole) , and each o f them 
showed different levels of conductivities upon doping (Table l).4 
1 
Polymer Structure Conductivity [S/cm | ~ ~ 
Polyacetylene ^^^ i ^^^^^^^^ i ^^^ l()5 
Poly-O>pheiiyleiie) " 0 ^ ^ 0 " ^ 0 " ^ G ^ 川^ 
Poly-0^-phenylenevinylene) /=^ i()5 
< y ^ O ^  
崎 (一 ) ^ W x ^ ^ ^ " " " " 
嚇 — ） x r ^ x r i 卜)3 一― 
TabIe 1. Conductivities of intrinsically conducting polymers. 
There are several critical factors which serve as useful guidelines for the design and 
synthesis of conjugated systems. Firstly, a small HOMO/LUMO energy difference is 
required for exhibiting attractive optical, electrical and photoelectrical properties. Secondly, 
the extended conjugated 7C-system should be continued along the chain without blockage by 
.s77^-hybridized orbitals, although the conducting property of the conjugated system is also 
influenced by interchain electron jump inside the solid matrix. Last but not least, these 
conjugated systems should be readily processible for practical applications. 
A rational design of conducting materials should encompass the preparation of a 
single molecule processing extended 7i-conjugation with attractive electronic properties and 
the subsequent control of the supramolecular architecture. For many polymeric conjugated 
systems, a typical polymerization involving the linking of many unsaturated building 
blocks together wil l invariably lead to structural defects due to side reactions, problems in 
product purification and structural elucidation, high polydispersity because lack of 
polymerization control, and poor solubility and processibility due to the rigid conformation. 
Therefore, correlation between structure and physical behavior of these intractable 
macromolecules is rarely achievable.^ 
2 
In view of these shortcomings, it is helpful to synthesize and characterize soluble, 
structurally defined monodisperse oligomers. The change of their physical behavior as a 
function of the number of repeating units can then be precisely determined and the resulting 
properties of the corresponding polymer extrapolated. These models often provide specific 
information concerning the solution, electronic, photonic, thermal, and morphological 
properties of their higher analogs. These oligomeric materials with improved solubilities 
and enhanced stabilities, greater structural variabilities and improved properties thus 
become essential components in a series of future-oriented technologies with increasing 
market potential.^ 
The main theme of this thesis is to develop an accelerated synthetic approach in 
building up oligomeric systems of phenylenevinylene and phenylenethynylene and to 
solubilize their higher oligomers by appending dendritic fragments at both ends of the 
oligomer chain. 
1 .2 . Conjugated oligomers and polymers 
1 . 2 . 1 Theory of conducting polymers 
Electron conduction in polymers takes place by the facile migration of electrons 
through the molecular and solid-state structure. This process occurs because large, 
extensively conjugated molecules possess delocaIized unsaturated, electronic structures 
which are not normally found in simple molecules. The formation of a simple diatomic 
molecule from two identical atoms usually creates two new energy levels — a bonding 
level, usually occupied by electrons, and an unoccupied antibonding orbital (Figure 1). The 
3 
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Figure 1. The formation of valence band (VB) and conduction band (CB) for conjugation polymers. 
higher level can be populated temporarily i f enough energy is absorbed by the bonding 
electron(s). Bond formation in more complex molecules follows the same principle. After 
each bond is formed, additional bonding and antibonding orbitals are added to the overall 
electronic structure. Thus, the larger the number of atoms that are linked together in a 
molecule, the greater wil l be the number of bonding and antibonding orbitaLs. Beyond a 
certain size of "molecule", the bonding orbitals become crowded together to form a set of 
closely spaced energy levels. This is known as the valency band (VB). A similar 
crowding also occurs with the antibonding orbitaLs to form the conduction band (CB). The 
two bands are usually separated by an energy gap known as the band gap. The height of 
the band gap and the degree to which the valency band is filled with electrons determine if 
the material is an insulator, a semiconductor, or a metal (Figure 2). Electrical conductivity 
is attributed to the presence of unpaired electrons which are unconstrained by the presence 
of spin-paired partner and are free to flow under the influence of an applied electric field in 
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Figure 2. Diagrams of the band structure found in an insulator, a semiconductor and a meLal. 
Polyacetylene is the simplest conducting polymer with the conjugated :r-bond 
system formed by a chain o fCH units. Three out of every four carbon valence electrons in 
each unit are .v/7^-hybridized orbitals. Two a bonds form the polymer skeleton, while the 
third fixes the hydrogen. The fourth electron belongs to a 7t-electron system and functions 
as a source of both electron activity and semiconducting or metaUic properties of the 
polymer.6 
Classical organic molecular orbital theory, however, fails to explain the lack of 
conductivity of native polyacetylene as it is expected that 冗-electron delocaIization of pure 
polyacetylene 1 would generate equal bond lengths along the chain with a continuous 
molecular orbital providing a pathway for facile electron migration. However, according to 
Peierl's distortion theorem，？ such a structural uniform one-dimensional metal state is 
inherently unstable with respect to a non-metallic state 2 or 3 where the skeleton backbone 
is segregated into short double bonds and long single bonds. What in fact is happening is 
that two bands, bonding and antibonding are formed with a band gap instead of a half-filled 
5 
single band. Hence, electrical conduction could only occur after thermal and photochemical 
activation of electrons promote them to the lower levels of the conduction band. Hence, 
pure polyacetylene is non-conducting. 
_ _ ^ ^ Peieri's distortion \ ^ , ^ ^ ^ 、 ^ ^ ^ 
<^^N<^^^:X^^V:^ ^ \ ^ = = ^ \ : ^ ^ \ ^ ^ / ^ ^ : ^ / ^ ^ ^ ^ / ^ ^ 
1 2 3 
CB 
着 一 : : 3 
Doping is an essential process for enhancing the conductivity of organic conjugated 
materials. It is a redox reaction between the polymer and the dopant^ There are two types 
of doping, namely p-type and n-type, The polymer in the p-type doping acquires hole 
conductivity while that of n-type acquires electron conductivity. p-Type doping takes place 
during the reaction of a polymer with an oxidant while n-type takes place with a reductant. 
The effect of dopants on polyacetylene is that chemical or electrochemical reduction 
injects unpaired electrons into the lowest levels of the conduction band and that these serve 
as current carriers. Conversely, during oxidation, the current carriers, either positive holes 
or unpaired residual electrons are produced by removing electrons from the top of the 
valence band. However, this simple explanation is far from satisfactory as the conductivity 
of the doped polymer is much higher than is predicted from the number of unpaired 
electrons present. Furthermore, an undoped polyacetylene contains far more unpaired 
electrons than caii be accounted for by thermal activation into the conduction band. 
6 
Nevertheless, for the discussion in this thesis, this simple explanation can provide a 
workable description to aid molecular design. 
1 . 2 . 2 Oligo- and poly-09-phenylene)s 树 
\ / n 
4 
Poly-0^-phenylene) (PPP) 4 is one of the most widely investigated conjugated 
polymers due to its interesting electronic and conducting properties. The compound itself 
is an insulator, however, upon doping with either oxidants or reductants, the conductivity 
rises to 500 S/cm.9 In addition, it displays good thermal and oxidative stability. 
Numerous synthetic approaches, either direct or indirect methods, for the synthesis ot, PPP 
have been reported. 
n ^ ^ + 2n CuCI2 AlC'3 > - ^ ^ ^ ^ ^ + 2nCuCI + 2nHCI 
5 6 
For direct method, benzene reacted with copper(II) chloride 5 in the presence of 
aluminum chloride to give extremely insoluble PPP 6 via radical cationic polymerization.】(） 
For the indirect method, PPP was prepared from a processable precursor in which the 
degree of polymerization was higher than that obtained from typical direct polymerization 
methods. In one example, methyl 2,5-dichlorobenzoate 7 was polymerized in the presence 
of a mixture of nickel(Il) bromide, triphenylphosphine and zinc powder in DMF, The 
poly(2-methoxycarbonylphenylene-1,4-diyl) 8 obtained was then hydrolyzecl by 
methanolic sodium hydroxide to give poly(2-carboxyphenylene-1,4-diyl) 9. Finally the 
parent PPP 10 was produced by decarboxylation o f9 in the presence of copper(ll) oxide in 
hot quinoline.il 
7 
c o 2 C H 3 C02CH3 c02H 
c , - ^ c , ' ^ ^ - ( f V ^ ^ - i l \ ^ ^ ^ - ( O i 
\ — / DMF \ \ — / / | , W==J / n quinoline W=J / n 
7 8 9 10 
ppp 
However, most PPPs prepared by these methods contain considerable structural 
defects. In addition, the insolubility and intractability hamper their practical applicationsJ-
Recently, much emphasis has been concerned on solubilizing PPP by anchoring f lexible 
side chains to the conformationaUy rigid polymer backbone. For exainple, improved 
solubility was noticed when methyl groups were attached to oligomeric phenylenes 
(OPP).13 Furthermore, insoluble PPP, obtained from benzene by oxidative coupling could 
be made soluble via Friedel-Crafts a l k y l a t i o n . l 4 Significant decrease in melting points 
together with considerable increase in the solubilities of these polymers proved that these 
pedant groups had a pronounced solubility effect on the rigid polymer.^ 
On the other hand, attachment of side chains to the PPP backbone hinders the 
polymerization process. Scrambling of chain positions, chain isomeiizations and 
degradations are also induced during direct oxidative coupling methods. Recently, 
significant improvement has been achieved by transition metal catalyzed aryl-aryl coupling 
reactions. Thus, nickel(II)-catalyzed couplingl5 of the Grignard reagents generated tVom 
1,4-dibromobenzenes 11 bearing /t-hexyl or n-octyl groups at the 2- and 5-positic)ns 
furnished substituted PPPs 12 in good yields. These side chains are long enough to 
provide sufficient solubility of the resulting PPP polymers. 
R R R R 
" - ^ " - ^ s r ^ ' ^ y 0 h f y ^ 
R R R R 
11 12 
R = n-hexyi, n-octyl X 二 H or Br 
8 
The palladium-catalyzed Suzuki coupling of aryl bromides to aryl boronic acids 
also proceeded smoothly to give high molecular weight PPP derivatives in good to 
excellent yields. Thus, l,4-dibromo-2,5-di-/t-hexylbenzene 13 was treated with one mol 
equiv. of n-butyllithium to give the monolithiated species, which was then converted to the 
boronic acid 14 by reacting with excess trimethylborate followed by acid hydrolysis. 
Subsequent polymerization of 14 under Suzuki coupling condition furnished PPP 15 in 
good yields.l6 
CgH^3 CgHi3 CgHi3 
/ = K 1."BuLi / = < Pd(PPh3)4 「 y ^ ^ L 
B r ~ 4 / ) - B r B r ^ X / ) - B ( O H ) 2 、 / " " 
J^ 2. B(OMe)3 ^j~!J 2M Na2CO3 L ^yJJ n 
CeH,3 3. HCI CeH,3 CgH^g 
13 14 15 
Recently, a new molecular architecture consisting of a rigid-rod PPP decorated with 
dendritic fragments was reported,17-19 The polyether dendritic fragments serve both as the 
solubiHzing groups as well as the insulator sheaths for the conjugated PPP skeleton. There 
are two methods to synthesize this kind of dendritic macrocylinders. One involves the 
polymerization of monomeiic unit which already contains the dendritic fragment; the 
alternate is to attach dendritic fragments to a polymer backbone. In the fonner route, 
polymer 18 was prepared from the dendritic dibromide 16 and the diboronic acid 17 \’m 
the Suzuki procedure. For the latter approach, a protected dibromide 19 was firstly 
coupled to the diboronic acid 17, followed by deprotection of the MOM moiety to obtain a 
PPP containing multiple alcohol units 20. Finally, the polymer was dendrimerized with 
isocyanate dendrons to produce 21. Both PPP derivatives 18 and 21 are readily soluble in 
toluene and benzene. 
9 
CeHi3 
〇G2 / = < 17 0G2 
^ (HO)2^^P^B(OH)2 17 ) C3H,3 
- " ^ B — — ^ ^ 4 Q ^ . 
y ^ Pd(PPh3)4 [ 尸 y^ jn 
〈 Na2CO3 〈 CeH,3 
0G2 0G2 
16 1« 
OCH2OMe OH OCONH-(G2) 
/ i. Pd(PPh3)4 r ) j C f i 3 ) / f ' ' 去 + 17，^^ n^ ^ ^ U ^ 
CH3 CH3 CeHi3 CH3 CsHi3 
19 20 21 
〇Bn OBn 
G2= B n o A ^ X ^ O B n 
o%,^ ssx^ o 
^ 
Although the incorporation of side chains on PPP enhances their solubilities, 
however, side chain repulsion between consecutive aryl units forces the benzene units to an 
out of plane conformation, significantly reduces the conjugation between them. It should 
be noted that the parent PPP 22 has a 23° twist between adjacent aromatic units, suggesting 
that there is still a fair amount of 7i-orbital overlapping between them. Attachment of the 
solubilization substituents to the PPP 23 wil l induce further twisting and diminish the 
conducting properties,^ 
^ ^ 5 H ^ ^ y ^ ^ ^ 
" : O y V ^ n i ^ D ^ " O h 
23。twist 
22 23 
A synthetic approach to circumvent this non-coplanar problem has recently 
appeared.20 Planar soluble conjugated PPP 25 derivatives prepared froin cyclization of 
10 
compound 24 were recently reported in which the imine functions served to lock the 
adjacent aromatic rings in co-planar conformation. The UV spectra of these imine-biidged 
planar PPP derivatives were far more bathochromically shifted than those of the nonpolar 
PPPs, indicating greatly enhanced degrees of extended c o n j u g a t i o n . 2 1 However, the 
conductivity studies on these planarized materials were discouraging. The imine moieties 
rendered the polymer more electron deficient than most PPPs and far more electron 
deficient than other 5-membered ring heterocyclic polymers such as polypyiTole or 
polythiophene. 
- H R n R 
B O C - N 0 = ^ r N = ^ 
/ ^ = { y = \ C F o C O o H / = { r = = \ R = n - C 1 2 H 2 5 
- " ^ > " Q - - f > A > -
H N B O C ^ 0 = = N y = -
R _ R _ 
L 24 」 25 
X ^ ^ = 2 5 0 n m ^ m a x = 4 0 0 n m 
Owing to the difficulty in establishing the structure-property relationship of PPP-
oligomeric 厂-phenylene with defined number of benzene units were synthesized for 
investigation. A method of synthesizing terphenyl 29 and quinquephenyl 32 was reported 
using a Diels-Alder reaction s t r a t egy . 22 
< ^ r ^ f ^ l 
^ ^ ^<V^ ^ V ^ 
c02Et 丁 
J - A ^ C O 2 E t 1 . N a O H X 
C + II ~ - f T C ] 
^ S ^ C O o E t 2. H C I ^ V ^ 
C O o E t T u u 2 t = t 
r S 27 A 3 . _ ) , A 
^ ^ ^ ^^ :^:x^  ^ ^ 
26 28 29 
For terphenyl, 1,4-diphenylbutadiene 26 was firstly reacted with diethyl 
acetylenedicarboxylate 27 to give diethyl 3,6-diphenyldihydrophthalate 28. Saponification 
11 
and acidification gave the corresponding diacid. It was finally treated with a solution of 
potassium fenicyanide in aqueous carbonate to yield terphenyl 29. For quinquephenyl 32, 
bis(butadiene) 30 underwent a double Diels-Alder reaction with two equivalents of 27 in 
boiling r>dichlorobenzene to give 31. After saponification and decarboxylation, the 
quinquephenyl 32 could be obtained by reaction with potassium femcyanicie. 
? u r \ ~ J Q ^ J r s ^ ? 、 i L P h - ^ ^ ^ - ^ ^ ^ ^ P h 
Et02c c02Et Et02c c02Et 
30 31 
1 . N a O H ^ _ ^ ^ _ ^ ^ _ ^ 
— ^ ^ ^ ^ ^ 
3. F e ( C N ) e ^ " 
32 
Pd-catalyzed coupling is another useful method for the synthesis of constitutionally 
homogenous, n-alkyl-substituted oligo-p-phenyLs up to fifteen benzene u n i t s . 2 3 2,5-
R R 
Br^0^ Br + 2 Q^^^^，、二：、O^^^^T^^)^ 
R R 
33 34：y=0 36：y=0 
3 5 : y = 1 3 7 : y = l 
R 
/ = \ f = \ f = k f = \ f = \ 3 4 : y = 0 N a 2 C O 3 
〜 ^ \ J r \ J r \ J r \ J r \ J n ' + 35:y=1 pd(pph3), • 
R 
38 
0 0 ; 0 ^ - ^ ^ 0 0 ) 0 
R 
39 : y = 0 R : ^hexyl 
4 0 . y 二 1 o r n - d o d e c y l 
Dialkyl-1,4-dibromobenzene derivatives 33 are the key starting materials for substituted p-
terphenyls 36 and the p-quinquephenyls 37. They were obtained by palladium catalyzed 
12 
coupling of 33 with two mol equiv. of benzeneboronic acid 34 or biphenylboronic acid 
35, respectively. Similarly, /？-septiphenyls 39 and /7-n0viphenyls 40 could be obtained 
from dibromo-p-quinquephenyls 38.23 
The synthesis of /?-noviphenyl 40 represents the Hmit of applicability in the above 
route because the two aLkyl chain side chains are insufficient to soliibilize oligo-p-
phenylenes having more than nine benzene rings. Putting addition side chains into the 
oligomer allowed the preparation of p-deciphenyls 43 and p-quindeciphenyls 44 via the 
bromide 41 and the boronic acid 42，albeit in low yields because of their poor s o l u b i l i t y . 2 3 









^ v ^ ^ h C 0 3 , Pd(PPh3)4 
1/2 38 R R 
pd(pSu ’，G^^3^ j^K0);^ J^^^^"0 
R R 
43 
a ^ ^ { O : ^ O ; 0 ^ ^ 
R R R 
4 4 R = n-hexyl 
or n-dodecyl 
1 .2 .3 Ol igo and poly(phenylenevinylene)s 
13 
- { o ^ . 
45 
Poly and 0lig0(a17lenevinylene)s 45 are conjugated systems with alternating a17l 
and vinyl units. They are another interesting class of materials due to their outstanding 
photoconducting and non-linear optical propert ies .24 P0ly(a17lenevinylene)s, especially 
poly-( 1,4-phenylenevinylene)s (PPV), have been employed as organic electroluminescent 
materials.25 They have also been used to forni active layers in thin film light-emitting 
diodes with promising efficiencies.^^ Moreover, devices stability could be increased by 
changing the morphologies, bandgaps, and charge transport properties of PPVs. 
There are a number of synthetic pathways for the construction of phenylenevinylene 
polymers. The problems associated with these synthesis are the insolubility and poor 
processibility of the polymer. Therefore most synthetic procedures involved the 
preparation of a precursor polymer which is processible, usually in solution, and 
convertible later into the desired poly(arylenevinylene). This synthetic approach was first 
realized by Wess l i ng . 2 7 , 28 jhe bis(sulfonium) salt 46 was polymerized under the action 
of sodium hydroxide to give the corresponding polyelectrolyte 47 in which the polymer 
was solubilized by the sulfonium groups in protic solvents such as water and methanol. 
V - S： C|- / = N , Na〇H / f = \ / \ 
^ >~x。二 " K / W 。二 
^^ __y s + A MeOH-H2O ^^_y s+"A^ 
46 ^ \ 47 ^ / n 
MeOH 300°C 
- ( o < j . 二 ^ 0 ^ 
49 48 
14 
Thermal elimmation of the sulfonium moieties gave conjugated PPV 48. Recently，an 
alternative elimination route was introduced by Holmes^^ in which a methoxy moiety was 
employed as the solubilizing and leaving group. The precursor polymers 49 were soluble 
in polar aprotic solvents such as chloroform, dichloromethane and tetrahydrofuran. These 
methods remain useful today for preparing and processing high molecular weight PPVs. 
Poly(arylenevinylene)s could also be prepared by Heck coupling reaction between 
aryl dihalide 50 and p-divinylbenzene 51. This reaction proceeded with high {E)-
stereoselectivity.30 
> < ^ - " ^ 0 ^ - ^ ^ ^ 4 0 ^ 
N L ^ ^ ^ ^ PPh3, Et3N \ ^ ^ / n 
50 51 52 
High polydispersity and low solubility, along with the occurrence of geometrical 
isomers of PPVs greatly hampered detailed studies of their physical properties and Umited 
their practical applications. As a result, geometrically defined oligomeric models of PPV 
that possess sufficient solubility in organic solvents were synthesized and submitted for 
tests for their electrochemical properties. Attaching large lipophilic groups to the 
arylvinylene backbone may stericaUy inhibit the crystallization of PPVs and thus the 
conjugated polymers can be made soluble and therefore processible. For example, the 
introduction of aLkyl substituents or rm-butyl groups to the termini of the polymer 
backbone made a significant improvement in the solubility of the oligomer. Thus, four ten-
butyl groups located at the two ends of the oligomer chain conferred sufficient solubilities 
for the corresponding heptamer and octamer were still insoluble.^^ 
The Wittig olefination between arylphosphonium salt 53 and aryl dialdedyde 5 4 
served as a convenient route to oligo(phenylenevinylene) 55 although mixtures of cLs- and 
".<mv-geometrical isomers were formed.31 
15 
t-Bu ^^^ / = y 
^ ^ ^ ^ H ^ c H 2 P + ( c 6 H s ) 3 B r + — j ^ y j ^ ^ s J r — 
^ u 53 54 
。*^  LiOEt, EtOH 
DMF, r.t. 
t-Bu 
' > f ^ B u 
丨-Bu 55 
A new synthetic approach which allowed the iterative assemblage of 
oligophenylenes in complete oligo- and excellent (£)-stereo-control was developed recently 
in our l a b o r a t o r y . 3 2 The vinylene linker in this series of oligomers 60 was generated 
through a modified Ramberg-Backlund reaction33 of a dibenzyl sulfone 59，which was 
prepared from Oxone® oxidation of the precursor sulfide 58. The sulfide was synthesized 




( - B u ^ ^ ^ W S ^ B^u 
V % B r X 
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, - B A = ^ ^ ^ 6 ^ Y ^ ) : ' — 3 , - B A A ( ^ ^ ^ Y ^ ) 0 ^ C 〇 2 M e 
\ * ^ C O s M ， V l ^ k ^ 
n+1 n 〇 
60 59 
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1 .2 .4 Oligo and poly(phenylenethynyIene)s 例 
61 
Poly(phenylenethynylene)s are another class of well-studied conjugated polymers. 
Because of their nearly-linear conformation, they are considered to be ideal models for 
molecular w i r e s . 3 4 The sterically non-bulky ethynylene moiety between two aryl rings 
relieves the steric repulsion of the ortho hydrogens and hence provides stronger conjugative 
delocaIization. The exceptional air and light stabilities are also the practical advantages of 
this interesting class of polymeric structure. 
The practical approach for the synthesis of poly(phenylenethynylene) relied on a 
palladium-catalyzed polymerization. The basic building blocks are aiylene dibromide 6 2 
and arylene diacetylene 63. Thus, compound 62 reacted with terminal-acetylene 63 or its 
magnesium salt 64 in a palladium-copper catalyzed coupling reaction to give the 
thermostable polymer 65.35 
f = = \ f = \ Pd (PPh3)4 
" - ^ A _ > ^ H " X H y K X ^ ^ ; ^ X 
63 62 \ 
^ r < y ^ < A 
Z 65 
f = \ , Pd (PPh3)4 / 
n B r M g — ^ ~ ^ L / > — = - MgBr + 6 2 ‘ 
\ _ ! / cui, NEt3 
64 
Structural defined oligo(phenylenethyny]ene)s up to 16 monomeric units had also 
been p r e p a r e d . 3 6 In order to solve the solubility problem of the higher oligomers, ethyl or 
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3-ethylheptyl groups were introduced into the phenylene rings. Using an iterative synthetic 
strategy that doubled the molecular length with each iteration, the 16-mer could be rapidly 
synthesized. The key step in this synthetic sequence involved coupling of an aryl iodide 
66 to a terminal acetylene 67, both of which could be derived from a common precursui-
molecule 65 via chemioselective functionalization. The resulting dimer 68 could be 
similarly converted to the corresponding iodo- or terminal acetylene derivatives. Repetition 
of this process allowed the rapid construction of the tetramer, octamer and 16-mer. While 
the octamer of the ethyl series (R = Et) was nearly insoluble, the corresponding octamer 
and 16-mer of the ethylheptyl series were soluble and could be characterized by 
spectroscopic means. Due to the existence of a chiral center in the side chain of the latter 
series, the octamer as well as the 16-mers were actually mixture of diastereomers, which 
obviously retarded polymer chain crystallization. 
R 
Mel . r ^ \ _ … 
, I^“^^j^U^"=SiMe3\ A 
Et2N3^C"l> = SiMe3 \ 66 ) ^ EtgNs-A^^ = ) S,Meo 
^ ^ _ y \ R / Pd(dba)2 \ ^ ^ / 2 
65 \ r = K /cuj,PPh3 68 
\ ^ EtgNaHx / ) ~ ^ - H ' 
K2CO3 2 3 - ^ ^ ^ 
MeOH 
67 
Anew class of highly hyperpolarizable oligo(phenylenethynylene)s 69 and 70, in 
which the ethynylene moieties were in an ortho relationship was recently reported.^^ This 
is a highly hyperpolarizable, 7C-C0njugated system with an electron-donating group at one 
end and an electron-withdrawing group at the other end. Although the exact three-
( ¾ ^ 69:n = 2 




dimensional structure of this series of oligomes still awaited further experimentation, the 
observed high non-linear optical polaiizability suggested that significant electron 
delocalization could be achieved when electron donor D and acceptor A were situated at the 
termini of the oligomeric system. 
1.3. Synthesis and solubi l izat ion of st ructural ly r ig id conjugated 
oligomers by dendr i t icat ion 
The previous section summarized the various important conjugated hydrocarbon 
oligomers and polymers. One of the difficulties encountered in studying conjugated 
oligomers was their poor solubility property. Isolation of the desired products from the 
reaction mixture becomes the first synthetic hurdle. Characterization and structural 
confirmation of the intractable oligomers present the next challenge. Finally, properties 
investigation on the insoluble materials calls for newer analytical methodologies. Vaiious 
methods had been devised in solubilizing the higher oligomers for investigations and 
further studies, invariably they all evolved around the idea of introducing pedant groups to 
the oligomer main chain. This methodology is successful although it is limited in scope. 
The introduction of solubilizing groups in the interior of the polymer backbone inhibits the 
conjugative interaction between the conjugated subunits as the increasing steric repulsion 
between the pedant groups wi l l forces the conjugated subunits in an out-of-plane 
conformation. On the other hand, the number of solubilizing groups that can be attached to 
the termini is finite in any given oligomer series. Thus, as soon as the number of repeating 
units reaches a certain threshold value, the higher oligomer then becomes insoluble. For 
example, the four tert-butyl groups at the two termini could only solubilize the 
oligo(phenylenevinylene) series up to the hexamer, the hepta- and octamers were 
insoluble.31 
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The aim of our project is to prepare soluble conjugated oligo(phenylenevinylene)s 
and oligo(phenylenethynylene)s utilizing dendritic fragments as the solubilizing pedant 
groups at the termini of the conjugated chain. To avoid deconjugative problem, the interior 
of the oligomer backbone remains unsubstituted. A dendritic fragment has advantages over 
the commonly used tert.-hnt^X or long chain /7-aD^yl groups in that, depending on the 
dendritic generation, it offers differential solubilization power. Moreover its detachment 
from the oligomer chain after oligomerization and purification is another attractive point. 
The effect of the dendritic sectors on the conducting properties of the conjugative oligomer 
chains, a subject of increasing interest in dendrimer chemistry, can also be investigated in 
this project .m9 
Dendritic 
^ ^ franments \ ^ 
r ~ ^ - ^ ‘ \广^^A 
l _ ^ ~ I ^ _ J 
Oligomer 
I.4. In t roduct ion of dendr imer chemistry 
Before getting into the synthetic preparation of dendritic solubilized conjugated 
oligomers, a review of dendrimer chemistry seems appropriate. Dendrimers have recently 
attracted increasing attention because they are a new kind of highly branched polymer with 
defined three dimensional size and t o p o l o g y，3 8 The expression "dendrimer" originates 
from the word dendron (Greek for tree). They are also called cascade molecules or 
a r b o r o l s . 3 9 An important difference between linear polymer and dendrimer is that the 
former consists of entanglement of molecular chains. On the other hand, dendrimer 
consists ofmany branches and has well-defined three dimensional topology. 
Most dendrimers are constructed in stages by repetitive synthetic cycles. As a 
result, a new generation is created after each reaction cycle. Dendrimer with one branching 
20 
juncture originating from the central core (C) is referred to as the zeroth generation (GO). 
Attaching branch cells to the termini of GO produces the first generation dendrimer (G1). 
Iterative ofthis process provides dendrimers of higher generations (G2), (G3), etc.3^ 
s S 
+ - > B " ^ : 
H ^ Vs® 
Zeroth generation (GO) s s 
First generation (G1) 
Second generation {G2) 
C ： core 
s : surface 
Dendritic preparation can be divided into two main approaches: the divergent and 
the convergent approaches. The divergent approach originally developed independently by 
N e w k o m e 4 0 and T o m a l i a 4 1 involves the addition of monomer units from the core to the 
periphery (Figure 3). The core group is a multifunctional moiety which can react with 
S\ s S f\ f 
1 I 3^' O O s o o 
- C - 一 H - c - f ^ ~ ~ - > - c ^ 一 f > " ? " ^ f 
I ； s 人 s f 人 f 
S S f 1 
initial core Zeroth generation First generation 
(GO) (G1) 
s s 
h < l ^ ^ s 
一 孤 
s s 
Second generation (G2) 
Figure 3. Divergent approach for the synthesis of dendrimers. 
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molecules bearing functionality (f) to give the zeroth generation dendrimer. The monomer 
is usually bifunctional (sni, n > 2) with a functionality (i) capable offorming a linkage to (f) 
and functionality (s) which are inert under the coupling condition. After condensation of 
the monomer with the zeroth generation dendrimer, the end-groups (s) are then converted 
to the reactive moieties (f) for further reactions with more monomers (sni). Repetition of 
this process allows rapid growth in the number of surface groups on the periphery of the 
dendrimer. Eventually, the surface of the dendrimer becomes highly congested such that 
further growth is forbidden. This defines the self-limiting generation for any given 
dendrimer series. 
The alternative convergent scheme pioneered by F r e c h e t 4 2 involves dendrimer 
propagation from the periphery to the core (Figure 4). The peripheral unit (pnt\ n > 2) 
contains surface groups (p) and a reactive functionality (f) which can react with functional 
group (i). Coupling of pnf to the core (i4) furnishes the first generation dendrimer (G1). 
) > - s P P P P 
y ~ f ^ ~ ^ p " \ ^ p — ^ A ^ p 
s f 
丨' . j . . 
i— C—i I - 9 — I 
I 1 
i ,, I V 
p;t<p p < ^ > p 
p 〉 。 p > K 
First generation P I / \ \ P 




Figure 4. Convergent approach for the synthesis of dendrimers. 
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Alternatively, the dendritic sector (pnO can undergo further growth when coupled to the 
monomer (ins) to give a higher branching peripheral sector (pnxns)- Conversion ot the 
latent functionality (s) into the reactive unit (f) followed by coupling to the core (i4) again 
furnishes the second generation dendrimer (G2). Repetition of these processes leads to 
formation of dendritic branches of different generations. Deiidiimers of different 
generations are eventually obtained by anchoring the various dendrons to the core (i4). 
Despite their regular and defined three dimensional stmcture, dendrimer molecules 
have very low crystallinity, especially for those having flexible, saturated aDcyl branches. 
With this in mind, the polyether dendritic fragments (e.g. 71) developed earlier in our 
laboratory were chosen as the solubilizing groups . 43 This dendritic series could be 
prepared up to the fourth generation by an iterative, convergent synthetic sequence. The 
phenolic handle in these molecules can be served as the anchoring point for the conjugated 
oligomer backbone. 
ArG OAc 
ArO ) C 
S ； / r 
ArO. 1 ^ 0〉 \ r 
\ X I 夕。 7 广 
A 、 。 4 / I 红 。 ^ 〜 々 > 。 ^ 。 
。 
W ^ 
^x^ Ar = 4-ferf-butylphenyl 
Oh 
71 
With regard to the preparation of the oligomer backbone, the conjugative unit is 
usually added to the oligomer chain in a one unit per iterative cycle fashion. Thus, a 
decamer requires ten iterative synthetic cycles. This is not only time consuming but aLso 
poor yielding. In view of this, we decided first to develop an accelerated approach for the 
synthesis of oligo(phenylenevinylene)s and oligo(phenylenethynylene)s by adding two or 
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more conjugated units at a time. The next chapter delineates this accelerated synthetic 
approach and the preparation of these solubilized dendritic conjugated oligomers. 
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2 . Results and discussions 
2.1. An accelerated approach to the synthesis of o l igo -
(phenylenevinylene)s - preparation of the propagating dimeric uni t 72 
It had been reported previously that the conducting properties of OPVs and PPVs 
were strongly affected by the stereochemical purity of the double bond c o n j u g a t i o n ^ ^ , as a 
small amount ofthe (Z)-isomer could affect the conducting property tremendously. Based 
on the high (£)-stereoselectivity of modified Ramberg-Biicklund reaction reported by 
C h a n 3 3 , an iterative synthetic scheme was developed earlier in our laboratory for the 
stereoselective synthesis of OPVs (Section 1.2.3.). 
One slight drawback of this procedure was that only one phenylenevinylene unit 
was added to the growing oligomer chain per iterative cycle. Thus, the growth of the 
Hs f r ~ ^ 
V _ ^ ^ ^ ^ ^ / = ^ 
/ ~ V Z \ ^ = / ^ ~ L ^ COOMe 
- \ j r s ~ ^ 广 K O ^ X 7 2 ^ ^ 
^ \ = J Br MeOH,THF \ 
” - \ < ^ S ^ 
- | O ^ V _ ^ B r " ^ ^ C ^ O — s 
7 8 2 _ _ ^ Oxone®, MeOH 
-!"^CJ^ '9 cH2d2 
'CBr4,PPh3 - / \ _ _ r \ ^ 
XJTXJ_ \ \ = / ^~l^ )-COOMe 
- ! < = > f V _ O p ^ H 75 ^ ^ 
\ ^ - ^ / KOH/AI2O3 CBr2F2 
7 7 ,〖THF’0。C ’ 
V —4 "^ ^O f^v_^ f^ C00Me 
^ ^ > ^ _ ^ 76 V ^ ^ 
Scheme 1. An accelerated iterative cycle for Uie synthesis of oligo(phenylenevinylenc)s. 
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oligomer was slow. It is envisaged that the rate of this oligomerization process can be 
doubled up (Scheme 1) i f a molecule such as 72 which has two built-in phenylene units 
connected by a (E)-double bond is used as the propagating unit. This dimeric unit 7 2 
could then be added to the iterative cycle to obtain a sulfide 74 by coupling to the end of 
the oligomer 73. The elongated oligomer 76, could in principle be obtained trom the 
sulfide 74, via the intermediate sulfone 75. Finally, the methyl ester in compound 7 6 
could be converted to the corresponding bromide 78 via the alcohol 77. 
The dimeric unit 72 was prepared from the following sequence of reactions. 
Methyl 4-(bromomethyl)benzoate 80，prepared from NBS bromination of methyl toluate 
79, was converted to the sulphide 81 by treatment with half mol equiv. of sodium sulfide 
in ethanoL In ^H NMR spectra, the benzylic protons adjacent to the sulfide atom of sulfide 
81 was observed at S 3.61 and the methyl protons in the ester groups was situated at 5 
3.92. 
1^ ^^ =5^ ^ NBS,EtOH ^ W ^ Br ^^^S, EtOH f P Y ^ S " ^ ^ T ^ 
U e O O O " ^ ^ 90% M e O O C ^ ^ ^ | 5 % M e O O C ^ ^ ^ ^ ^ C O O M e 
79 80 81 
Selective hydrolysis of one of the ester groups in compound 81 with half mole 
equiv. of ground potassium hydroxide in a mixed solvent system of methanol and THF at 
50。C afforded the monoacid 82. Excess potassium hydroxide should be avoided to 
prevent the production of the undesirable diacid. The monoacid 82 was then selectively 
reduced to alcohol 83 by boraneTHF complex. It was found that excess borane-THF 
complex could greatly accelerate the reaction。 However, a substantial amount of white 
crystalline inorganic boronic salt was obtained if too much borane THF complex was used. 
In l H NMR spectra, the acidic proton in the monoacid 82 was not observed while hydroxy 
proton of alcohol 83 was positioned at 5 2.29. While the two diffemet benzylic protons 
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adjacent to the sulphur atom had the same chemical shift value at 5 3.63 in the monoacid 
82，the corresponding protons in the alcohol 83 gave two different signals at 5 3.61 and 
3.65. 
j^^"^^^=:>j^^S^^""""^|j^^ KOH,MeOH ^ ^ " ^ ^ f ^ S ^ ^ ^ [ f ^ 
M e O O C ^ ^ ^ ^ ^ C O O M e THF, reflux U e O O C " ^ ^ ^ - ^ C O O H 
6 0 % 0 9 
81 幻 
BoraneTHF ^ ^ ^ V ^ S ' ' " N ^ 
complex 丨 I  
^ MeOOC^^^ ^^^^^CH2OH 
r.t. 83 
87% 
The uiisymmetrical sulfide 83 was then oxidized to the corresponding sult()ne 8 4 
by Oxone®. Upon oxidation, the ^H NMR signals of the benzylic protons adjacent to the 
sulphur atom moved from 5 3.61, 3.65 to 5 4.48, 4.58. The resulting sulfone was then 
subjected to the modified Ramberg-Backlund reaction protocop3 (alumina-KOH, CBr2F2< 
0。C) to give stilbene 85. Examination of the !H NMR spectra of 85 showed the presence 
of two doublets at 6 7.31 and 5 7.43 with a coupling constant of 16.5 Hz, there being no 
other observable olefinic signals, thus confirming the excellent (£>selectivity ot' the 
Ramberg-Backlund reaction. 
八 八 八 八 Oxone®. MeOH 八八八八 
f T ^ ^ s ^ ^ f ^ ^ r ^ ^ " ^ " ^ T ^ 
M e O O C ^ ^ ^ ^ C H 2 O H CH2CI2, r.t. M e O O C ^ ^ ‘ ^ ^ C H , O H 
83 90% 84 
^ ^ C H 2 〇 H 
KOH/AI2O3, CBr2F2 ^^^^Y^"^5^/^^:J" 
，。。r T MeOOcW 
85 
The alcohol 85 was then converted to the desired thiol 72 by the meth()ds 
described below. Several methods had been attempted. Firstly, conversion of the alcohol 
85 to the corresponding thiolacetate 87 by the Mitsunobu r e a c t i o n46 (triphenylphosphine, 
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thioacetic acid and diethyl azodicaitoxylate) failed to materialize. To this end, the iilcohol 
85 was transformed to the chloride 86 by treatment with thionyl chloride at i)X\ 
Displacement of the chloride with sodium thioacetate prepared in situ tVoin thioacetic acid 
and NaHCO3 gave the tMoacetate 87. The desired thiol 72 could then be generated by 
potassium hydroxide promoted cleavage of the acetyl moiety. Hence, this diineric 
propagating unit could be prepared in 8 steps and 19% overall yield from commercial 
available methyl toluate. The methylene proton adjacent to the chloride atom was observed 
at 5 4.60 in the chloride 86 while that adjacent to the sulfide atom was shown at 5 4.1 3 in 
the thioacetate 87. Furthermore，the acetyl group in the thioacetate 87 was shown at 5 
2.36 in l H NMR spectrum and at 5 52.0 in 13c NMR spectrum. 
^^cH2OH ^ ^ c H 2 C i 
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^^^5Y^^=^^/^k^ ^ — — — — ^ ^ ^ Y " ^ ^ ^ ^ ^ r ^ 
I j 75% jy j ‘ 
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The successful preparation of 72 suggested that one could now speed up the 
oligomerization process. In order to validate the usefulness of the propagating unit 72, it 
was coupled to 3,5-di-rerf-butylbenzylbromide 88 to give the sulfide 89 in the presence of 
potassium hydroxide。Upon oxidation with Oxone® and subsequent Ramberg-Biicklund 
reaction, the sulfide 89 could be transformed to the tiimeric unit 91 in 55% yield. The 
spectroscopic data of 91 were identical to the one prepared previously by Chan.-’’？小 In 
comparison to the original approach, this accelerated synthesis protocol afforded the trimer 
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2.2. Synthesis of the polyether dendri t ic fragments 
As described before, one of the major objectives of this work was to use dendiitic 
fragments as solubilization pendant groups for stmcturally rigid conjugated systems. A 
polyether based dendrimei^^^ was chosen for this purpose for the following reasons : 
(a) They can be easily synthesized in good yields and large scales. 
(b) They are relatively non-polar fragments and hence possess good solubility property in 
various organic solvents. 
(c) They are stable under redox conditions and thus do not interfere with the 
electrochemical study of the conjugated oligomeric backbone. 
The polyether dendritic fragment consists of three stmctural chai'actenstics: the 
suiface moiety, which is a methoxy functionality; the branching juncture, which is a 
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phloroglucinol unit with branching a multiplicity of three and a three-carbon ether linker as 
the branch. 
L^ , — — ^ 
T n r 
, x 4 ^ H ^ O ^ ^ " ^ ^ 0 ^ , OMe 
I > ^ / \ 
c r ^ ^ 0 
z \ / \ _. , . .‘ Surface group 
linking unit ( ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ 
Branchingjuncture 1 ^ ^ ^ ^ ^ ^ ^ ^ « ^ ^ * 
An iterative, convergent synthesis method was used to prepare these dendritic 
fragments. In the following discussions, the various generation of dendrimers wil l be 
designated using F r e c h e f s ^ 7 notation Gn-f, in which Gn refers to the generation number (n 
二 1，2，3) and f refers to the functional group located at the focal point Three main steps 
are involved in the iterative cycle. Firstly, mono-O-aEcylation of the phenolic compound 
Gn-OH with the linking unit, l,3-dibromopropane 92, Secondly, bis-0-aUcylation of the 
branching juncture, 5-benzyloxyresorcinol 93 with the bromo derivative Gn-Br. Finally, 
deprotection of the benzyl groups by catalytic hydrogenation. 
OBn 
Br""^^^^ Br n o ^ O H 
i)2 93 
Gn-OH — — — > - G n - B r • G(n+1)-OBn 
K2CO30rCs2CO3 K2CO3 
acetone acetone 
H2, 10% Pd/C 
G(n+1)-OH  
EtOAc/EtOH 
Commercial available 3,5-dimethoxyphenol G l -OH 94 was firstly treated with 15 
mol equiv. of 1,3-dibromopropane either K2CO3 or Cs2CO3 in acetone to give Gl -Br 95 
as a colourless oil. Bis-0-aDcylation of 5-benzyloxyresorcinol 93 with 2 mol equiv. of 
Gl -Br 95 (K2CO3, acetone) afforded the second generation benzyl ether G2-OBn 96 as a 
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white solid. Hydrogenation ofG2-OBn 96 using Pd/C as catalyst resulted in the formation 
of the phenol G2-OH 97 in 92% yield. This series of reactions completed an iterative 
reaction cycle. In a similar manner, the various third generation fragments, G3-OBn 99, 
G3-OH 100 and G3-Br 101 were prepared. 
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The structural identities of these dendritic compounds were confirmed by NMR 
spectroscopy. The chemical shift values of the surface, branching and branch protons were 
significantly different to allow their unambiguous assignments. Thus, the surface methoxy 
moieties gave a singlet signal at about 5 3.8. On the other hand, the methylene protons 
adjacent to the oxygen branch had a typical resonance value of 5 4.0，while the 
phloroglucinolic protons showed up as multiplets at the region of 5 6.1. For the vanous 
dendritic bromides Gn-Br, the methylene protons adjacent to the bromine atom appeared as 
a triplet around 5 3.6 unobsecured by other signals. In the benzyl ether series Gn-OBn, the 
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distinctive singlet at 5 5.0 and the multiplet at 5 7.3 - 7.4 were assigned to the benzylic and 
phenyl protons respectively. The ^H NMR spectra of the various phenols Gn-OH, were 
not so diagnostic as the phenolic hydrogen could not be easily observed. Nonetheless, the 
formation of the various phenols Gn-OH was indirectly confirmed by the disappearance of 
the benzyl signals in their respective spectra. In addition, aU phenols Gn-OH showed the 
characteristic 0 — H stretching frequency at 3417 cm_l in their IR spectra. The generation 
of the various species could be determined relatively easily by looking at the relative 
integrations of the signals arising from the various sectors (Table 2). 
Theoretical Found 
Compound relative intensities relative intensities 
MeO : CCH2O ： CCH2C : phloroglucinol H 
Gl -OH 94 6 : 0 : 0 : 3 6.0 : 0.0 ; 0.0 : 3.0 
G2-OH 97 1 2 : 8 : 4 : 9 12.0 : 7.4 : 3.8 : 8.5 
G3-OH 100 2 4 : 2 4 : 1 2 : 2 1 24.0 : 23.5 : 12.4 : 20.0 
G l -Br 95 6 : 2 : 2 : 3 6.0:2.2: 1.9 : 2.9 
G2-Br 98 12 :10 :6 :9 12.0 : 11.0 : 6.3 : 8.9 
G3-Br 101 24:24:14:21 24.0:24.2:13.6:21.5 
G2-OBn 9 6 12 : 8 : 4 : 9 12.0 : 8.0 : 4.0 : 8.9 
G3-OBn 99 24 : 24 : 12 : 21 24.0 : 22.5 : 12.3 : 20.7 
Table 2. The relative intensity of proton signals in various dendritic fragments. 
2 . 3 . Attempted coupling reactions between polyether dendrit ic f ragments 
and the propagating unit 72 
With both the dendritic fragments and the dimeric propagating unit 72 in hand, the 
remaining tasks were to connect the propagating unit to the dendritic fragment and to begin 
the accelerated iterative oligomerization process. The third generation dendritic fragments 
G3-X in this series were expected to provide better solubility enhancement and therefore 
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chosen as the stalting materials. Thus, the third generation phenol G3-0H 100 was 
coupled to the benzyl chlotide 86 in the presence of cesium carbonate to give the benzyl 
ether 102 in 71 % yield. The methyl ester group in compound 102 was then convetted to 
the cOITesponding benzyl chloride 104 in two steps. Firstly, reduction of the tnethyl ester 
with lithium aluminum hydtide gave the benzyl alcohol 103 in 80% yield. This alcohol 
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The chlotide 104 was then allowed to react with the thiol 72, generated in situ 
from the thiolacetate 87 and potassium hydroxide. To our surprise, the reaction failed to 
materialize under several reaction conditions. Different base systems such as potassiutTI 
carbonate in THF and/or acetone, cesium carbonate in THF and/or acetone and 
diazabicyclo[S.4.0]undec-7-ene in benzene were attempted but none was fruitful. 
Examination of the reaction mixture by thin layer chromatography suggested that the benzyl 
chloride 104 was too labile under the reaction conditions, hydrolyzing back to the benzyl 
alcohol 103 as the major product. 
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An alternative route, involving the insertion of a three carbon spacer unit between 
the dendritic fragment and the propagating unit, was attempted. Methyl 4-hydroxybenzoate 
106 was 0-alkylated with G3-Br 101 to give the corresponding ether 107 in 72% yield. 
G3-Br + H O - ^ V c O O M e Cs2C03’18-c_-6、 G 3 0 ^ ^ 0 - ^ V c 0 0 M e 
1 0 1 \ = / acetone ^ = ^ 
106 75% 107 
L _ 4 , 3 3 0 - ^ 0 ^ > C H , 0 H ^ ! : ^ G 3 0 ^ ^ 0 - f V c H , B r 
THF 0。C \ = ^ THF, 0°C W ^ 
75% 108 109 
87 G30~\ ^ ^ C O O M e 
y , ^ r f 
KOH, MeOH 八 ° ^ ^ | ^ ^ V ' ' ' ^ ^ ^ 
W ^ ^ ^ v ^ 2 - s ^ ^ ^ ^ = ^ : ^ 
110 
The methyl ester was then reduced to the corresponding alcohol 108 by lithium aluminum 
hydride. The alcohol 108 was then converted to the corresponding bromide 109 by 
triphenylphosphine/carbon tetrabromide. This bromide, again was extremely liable to 
prevent its purification by chromatography. It was generated in situ and coupled to the 
propagating thiolate generated from 87. Unfortunately, the oligomerization process was 
again fruitless as the coupling reaction failed in all conditions attempted. 
2 . 4 . Synthesis and characterization of dendr i t ic-solubi l ized o l i go -
(phenyIenethynylene)s (OPE) 
2 . 4 . 1 Synthesis of conjugated propagating units 
The failure to oligomerize OPV units on a dendritic support prompted us to look at 
the corresponding oligomeriation process for the oligo(phenylenethynylene) OPE series. 
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First of all, we need to secure a procedure to oligomerize phenylenethynylene units. The 
synthetic strategy used in constructing OPE unit was based on the high yielding palladium 
cross coupling of aryl iodide and terminal acetylene reported by Tour.21 
Similarto the accelerated oligomerization approach described for the OPV series, it 
would be highly desirable i f one could add more than one phenylenethynylene unit at a 
time. In this section, we described the preparation of the various oligo-
(phenylenethynylene) propagating units. By using these intermediates，one could conduct 
the oligomerization by adding up to three phenylenethynylene units at a time. Two 
masking groups, diethyltriazene and trimethylsilylethynyl were employed in the 
construction of the propagating units. The triazene can be effectively converted to an aryl 
iodide on treatment with methyl iodide^^ while the trimethylsilylethynyl group can be easily 
demasked to a terminal acetylene on treatment with base or tetrabutylammonium tluoride 
(TBAF). The iodide and the terminal acetylene monomer derived from the same building 
block could then be cross coupled in a Sonogashira^^ type fashion to generate the dimenc 
unit. By repeating this iterative approach, propagating units of up to four phenylenethynyl 
units could be synthesized. However, propagating units with higher number of 
phenylenethynyl units were of limited use because of their poor solubility. 
The starting material for the various propagating units was 4-iodoaniline 111. 
Upon diazotization with sodium nitrite in hydrochloric acid and subsequent trapping of the 
f = \ 1 .NaN〇2/HCI ’0°C f = = \ 
H a M k / V l E t , N 3 - ^ ^ ^ l 
^ ^ 2. HNEt2 ^ ~ ^ 
8 6 % ^ ^  ^ 
111 112 
T M S - = - H 
— E t 2 N 3 ^ ^ ^ 二 TMS 
Pd(PPh3)2CI2, Cul ^ “ ^ f 
Et3N/pyridine, reflux, 24 h 
75% 114 
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diazonium salt with diethylamine, the tiiazene 112 could be prepared in 86% yield. 
Palladium-catalyzed cross coupling of 112 with trimethylsilylacetylene 113 afforded 
compound 114 which was then converted to the terminal acetylene 115 by reacting with 
KOH in methanol at room temperature. Alternatively, triazene 114 could be tmnsformed 
to an aryl iodide 116 by heating with MeI at 12()°C. The dimeric propagating unit 117 
was obtained in 71% yield by a Sonogashira type Pd-catalyzed cross coupling^9 between 
the terminal acetylene 115 and the aryl iodide 116. This dimer is readily soluble in 
chlorinated solvents and ethyl acetate but only paitiaIly soluble in hexane. 
K〇H / = \ 
I >-Et2N3Hx / ) = H\ 
/ MeOH N L _ y \ 
/ 80% \ Pd(dba)2, Cui . 、 
/~V / 115 \ PPh3, Et3N f = \ \ 
E t 2 N 3 " G ^ T M S ^ ^ ^ E t 2 N 3 > ( C ^ T M S 
\ Mel / 71% 
1 1 4 \ sea led tube f = \ / 1 1 7 
\ ^ l ^ j K ^ T M S 丨 
120。C,24h ^^~^ 
88% 1 1 6 
The dimer 117 was then desilylated with TBAF in THF to afford the termhal 
acetylene 118. Iodination o f l l 7 with MeI at 120°C instead gave the aryl iodide 119. 
n-Bu4NF , / = \ ‘ \ 
/ 3 ^ ^ ^ B . N 3 - ^ 4 > ^ H 
/ 93% \ ‘ ^ 
l r = \ \ / 1 1 8 
E t , N 3 | ^ j K ^ T M s ( 
\ ' ^ \ Mel . \ 
m\ sealed tube / / ^ = ^ \ 
\ ^ 丨-"^d h ~ = - T M S 
120。C:48h \ ^ ^ /2 
89% 119 
The trimeric unit 120 could be prepared by coupling of dimeric iodide 119 and monomeric 
terminal acetylene 115 in 99%. The triazene moiety could similarly be converted to the 
corresponding iodide 121 on treatment with MeI at 120。C for three days. 
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/ = / / = r \ \ Pd(dba)2, Cul, PPh3 l f = \ 一 \ 
Et2N3Hl V - ^ H + l 4 4 ) = TMS ； ^ Et^N3^ > - ^ - T M S 
2 3 \ _ J / V\v f / ] Et3N, 80°C, 24h \ ^ ^ /3 
\ Z2 99% 1 2 0 
115 119 ,, I 
Mel 
sealed tube 
120°C, 3 days 
, , 75% 
' " f Q ^ T M S 
121 
It should be pointed out that the demasking processes for the dimer 117 and trimer 
120 required drastic conditions as compared to similar processes for the monomenc 
counterpart. While the TMS group in monomer 114 could be desilylated with KOH, the 
dimer 117 needed a stronger desilylation reagent, TBAF to effect the conversion. With 
potassium hydroxide in methanol, the desilylation of the dimer 117 was extremely slow 
even at elevated temperature. Similarily, the monomeric triazene could be iodinated within 
24 h but the dimeric or trimeric analog needed considerably longer reaction time (2-3 days). 
Both the dimeric 117 and trimeric propagating unit 120 possess reasonably good 
solubility in chlorinated solvents and can be used as the propagating blocks tbr 
oligomerization. Although the tetrameric unit 122 could be prepared similarly by coupling 
reaction between 118 and 119, this compound was highly insoluble hence was not a good 
candidate for subsequent oligomerization. 
E , N 3 - ( ^ ^ H 
118 \Pdptt3CNU' ( f = \ \ , , 
) ~ ~ ^ Et2N3-\ / V - ^ - T M S 
/ 80。C’48h \ ^ ~ ‘ / 4 
/ 62% 
i " ( 0 " ^ T M s / 122 
119 
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2 . 4 . 2 Character izat ion of conjugated propagating units 
The various components inside these propagating units - either the masking triazene 
and TMS functionalities, or the reactive iodo and terminal acetylenic moieties, were readily 
diagnosed by their characteristics ^H and 13C NMR signals. In ^H NMR, the masking 
diethyl triazene could be easily recognized by the presence of a triplet signa] at 5 1.2 - 1.3 
and a quaitet at 5 3.7 - 3.8. These chemical shift values do not vary with the oligomer 
length. The distinctive singlet at 5 0.2 - 0.3 was a clear diagnostic signal for the TMS 
group. Upon deprotection of the TMS functionality, the terminal acetylenic proton 
exhibited a sharp singlet at 5 3.0 - 3.2. For the various iodides, two aromatic doublets 
were observed at 5 7.2 and 5 7.7. In 13C NMR, the signal at 5 151 could be assigned to 
the aromatic carbon directly attached to the nitrogen of the triazene group while the signal at 
5 0 corresponded to the TMS methyl signal (Figure 5). The TMS-protected ethynyl 
carbons had chemical shift values at around 8 90’ while that of the desilylated tennina1 
acetylenic carbon was positioned at around § 78。For the iodo denvatives, the signal at 5 
104 corresponded to the signal arising from the aromatic carbon attached to the iodine 
atom. By looking at the above characteristic signals, one could then unequivocally deduce 
‘ •» 
5 151 5 90 50 
. y = v / r " , / ^ \ ， / 
- | \ _ ^ N = N - N - ^ \ > - ^ Si- Me 
y ) Me 
5 104 5 78 
-^0^ -\Qr^A 
Figure 5. The ^^C NMR signals of various functional groups in p ropagaL ing OPE unils. 
the nature of the two terminal functionalities in these oligomeric propagating units. Finally, 
by measuring the relative integrations of the ai*omatic proton signals and the aliphatic proton 
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signals arising from the terminal groups, the number of repeating oligomer units could be 
ascertained (Table 3). 
Compound Theoretical Found 
relative intensities relative intensities 
Et ,N , -^Q)-^TMs aromatic H : CCH2N : CH3CN ： SiMe3 
1 1 4 ( n = l ) 4 : 4 : 6 : 9 4.6 : 4 .6 : 6.7 : 9.0 
117 (n=2) 8 : 4 : 6 : 9 8.6 : 4.1 : 6.1 : 9.0 
120 (n=3) 12 : 4 : 6 : 9 12.7 : 4.1 : 6.1 : 9.0 
122 (n=4) 16 : 4 : 6 : 9 18.3 : 4.2 : 8.3 : 9.0 
\ ~ \ ^ ^ : ) TMs aromatic H : SiMe3 
116 (n=l) 4 : 9 4.1 : 9.0 
119 (n=2) 8 : 9 8.8 : 9.0 
121 (n=3) l_2_^ 13.2 : 9.0 
E t . N , - ^ = ) H a romat i c H : C C H 2 N ： C H 3 C N 
115 (n=l) 4 : 4 : 6 4 : 3.9 : 5.9 
118 (n=2) 8 : 4 : 6 8 : 3.9 : 6.1 
Table 3. The relative proton signal intensities of various propagating OPE units. 
2 . 5 . Synthesis and characterization ol igo(phenylenethynylene) f ragments 
dendrimerized at one end 
2 . 5 . 1 Synthesis 
In order to connect the oligomeric phenylenethynylene units to the polyether 
dendrimer, a phenolic linker 124 was prepared. This compound has a hydroxy group for 
Pd(dba)2, Cul 
f = \ PPh3,Et3N f = \ 
H O ^ x / ) " " l + TMS = H — ~ — H 0 ~ ( \ h ~ = — T M S 
^ ^ 80。C，8h ^ ~ ^ 
1 2 3 1 1 3 85% 124 
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connection to the dendritic fragment and a trimethylsilyl protected ethynyl group for 
subsequent oligomerization. This linker 12450 was prepared by palladium-catalyzed cross 
coupling between 4-iodophenol 123 and trimethylsilylacetylene 113. This unit was then 
anchored onto the third generation dendritic fragment 101 to give compound 125 in the 
presence of Cs2CO3 in 92% yield. The trimethylsilyl moiety was also deprotected under 
the coupling condition. 
OMe OMe 




MeO 0 ^ ^ ^ 0 MeO O ^ ^ ^ ^ C L 
^ ^ \ 1 2 4 > S 
MeO V _ ^ 124 MeO ) = ^ f=r^ 
Q ^ c T ^ B . — — - Q ^ O ^ o J Q ^ . 
_ i CS2CO3 MeO 0 
b J - F ; - O H K ？ 
f ^ ~ ^ J Qpo/ f ^ ^ y 




M e 。 ~ ^ M e 。 H ^ 
OMe OMe 
101 125 
This monomer 125, with one end decorated with the polyether dendrimer. was 
then used to prepare the higher oligomers by palladium-catalyzed coupling to the various 
propagating units described previously. Thus, palladium-catalyzed coupling of compound 
125 with the monomeric 116, dimeric 119 and trimeric 121 iodo propagating units gave 
the dimer 126，trimer 127 and tetramer 128 respectively. Subsequent desilylation with 
Cs2CO3 afforded the terminal acetylene compounds 129，130 and 131 respectively. 
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f ^ G 3 0 ^ ^ ^ o | ^ r ^ = ) T M S ^ ^ f H ^ ^ G 3 0 ^ ^ ^ 0 " f ^ ( " ) K " ^ j H 
/ 2 4 h ^ ^ > ;^ ^^ OH \ W 丨‘ 
/ 72% 1 2 6 90% 129 
P d ( d b a ) 2 , C u l / 1 1 9 i f = \ \ Cs2CO3 l f = \ \ 
125 ^ ^ G 3 0 ^ ^ ^ ^ a K /) = TMS ^ G 3 0 " ^ ^ ^ 0 f 4 / 〉 = H 
PPh3Et3N \ ^ V V _ / 7s MeOH V N ^ A 
86°C \ 3 6 h THF, r.t. 
\ 80% 127 95% 130 
\ 121 八 A / f = \ \ cs2CO3 / P = \ \ 
\ ~ - G 3 0 ^ ^ 0 U ) = TMS ^ G 3 0 ^ ^ ^ ^ 0 U / ) - ^ H 
\ \ v / / /4 MeOH \ X ^ _ i / /4 
48 h THF, r.t. 
750/0 128 75% 131 
2 . 5 . 2 Character iza t ion 
For all oligomers decorated with dendrimer at one end, i.e. compounds 125 - 131, 
there was little observable difference in the ^H NMR signal patterns arising from the 
polyether dendritic fragment. After palladium-catalyzed coupling reaction, the resulting 
tiimethylsilylethynyl teminated oligomers 126 - 128 showed the distinctive TMS singlet 
at 5 0.2 in their respective ^H NMR spectra. While this signal was absence trom those ()t 
the desilylated oligomers 125, 129 - 131。 The only observable spectral difference 
amongst these various oligomers were the signals arising from the oligo-
(phenylenethynylene) aromatic protons。Thus, monomer 125 showed two doublets at 5 
6.84 and 5 7.41. The dimer 129, trimer 130 and the tetramer 131 gave a doublet at 5 6.S 
-6.9 which corresponded to the two protons ortho to the oxygen atom. The next doublet 
around 5 7.4 was due to the two protons m.eta to the oxygen atom of phenoxy ring. In 
addition, one, two and three singlet signals were respectively observed for the dimer 129 
(5 7.46), the trimer 130 (5 7.49 and 7.50) and the tetramer 131 (5 7.47，7.48 and 7.51) 
according to the number of phenyl groups in the compounds. 
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Mass spectral (MS) analysis was another useful technique to ascertain the structural 
identities of these molecules (Table 4). Under liquid secondary ionization mass 
spectroscopic (L-SIMS) conditions, all oligomers gave the corresponding molecular ion at 
MH+. The found experimental molecular weights agreed well with the theoretically 
calculated ones further supported the formation of these oligomeiic species, although the 
intensity of the molecular ion was usually low. 
SEC L-SIMS 
Compound Formula Theo. mass ^ n ^ w M^/M^ Anal, mass  
^ MH + 
G3-monomer-H 125 C79H92O22 1393 1392 1407 1.02 1394 
G3-dimer-TMS 126 C90H104O22Si i565 1780 1820 1.()2 1566 
G3-dimer-H 129 C87H96O22 1493 1597 1624 1.02 1494 
G3-trimer-TMS 127 C98H108O22Si 1665 1978 2022 1.02 1666 
G3-trimer-H 130 C95H100O22 1593 1837 1868 1.02 1594 
G3-tetramer-TMS 128 C106Hn2O22Si i764 2310 2356 1.02 1765 
G3-tetramer-H 1 3 1 C103H104O22 1693 2110 2149 1.02 1694 
Table 4. SEC and MS data for oligomers decorated with dendrimer at one end. 
In order to further validate the structures as well as the purities of the compounds 
obtained, they were subjected to size-exclusion chromatographic (SEC) analysis (Table 4). 
Using polystyrenes as standards, the number-average ( M J and weight-average (Mv,；) 
molecule weights as well as their polydispersities {M^Mn) were determined. As expected, 
for the TMS-protected series, the higher the degree of oligomerization, the larger was the 
observed molecular weight. This trend also held for the terminal acetylene series. On the 
other hand, the TMS-protected species had consistently higher molecular weight than the 
respective desilylated species. The larger thaii expected molecular weights obtained from 
SEC measurements could probably due to the elongated shape of the oligomer, thus 
producing a larger effective molecular volume than polystyrene standard of comparable 
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molecular weight. Thus, the combined uses of mass spectral and SEC techniques 
unambiguously established the structures of these dendritic oligomers. The structural 
purities of these compounds, were also demonstrated by their low polydispersities (1.()2). 
2 . 6 . Synthesis and character izat ion of o l igo (pheny lenethyny lene)s 
dendr imer ized at both ends 
2 . 6 . 1 Synthes is 
In order to convert the unsymmetrical one end dendrimerized oligomers to our 
target oligomers with both termini decorated with dendritic fragments, it became necessary 
to join the terminal acetylenic oligomers 125, 129 - 131 through a second linker 
molecule. The linker chosen was bis(iodophenyl)acetylene 132, which contained two 
iodide functionalities as the anchoring points for the two dendritic terminal acetylenes. The 
C X M ： + \ < y ^ < y \ + H ^ ^ ^ ) ; 0 
\ n 132 
« 
Pd(dba)2, Cul, PPh3 
Et3N, THF 
0 0 - 4 ^ 0 
2n+1 
^ - ^ ^ ~ \ dendritic fragment = (^ 
resulting symmetrical conjugated oligomer would then have a chain length more than 
double of its precursor and have dendritic fragments decorated at both ends. This linker 
132 was prepared from Pd-catalyzed cross coupling of 112 and 115 followed by a double 
iodination of the intermediate bis-0?-diethyltriazinylphenyl) acetylene 133. 
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E t . N 3 ^ ^ l \ 
\ Pd(dba)2, Cul 
112 \ PPh3,Et3N f = \ — >/=V_, , ^, 
Et^ NsHx j K = " \ J ^ N 3 E t 2 
/ 80。C’24h ^ ^ ^ ~ " ‘ 
一 / 71% 133 
E t 2 N s - ^ ^ 二 H 
115 Mel 
sealed tube / ^ v — 广 — \ , 
^ \ ~ \ J r ^ ^ ~ K y ~ \ 
120。’72h ^ ~ ‘ ^ ~ ‘ 
78% 1 3 2 
The symmetrical tetramer 134 decorated with dendrimers on both ends were 
synthesized in 62% yield by palladium-catalyzed coupling o f2 mol equiv. of 125 with the 
bis(iodophenyl)acetylene 132. 
125 ^ 132 + 125 
OMe MeO 
_ / K Pd(dba)2, Cul , PPh3 Y \ � * 
M e O " ^ E t , N , 2 4 h < ^ O M e 
0 80 C (。 
) 62% \ 
MeO 。A。、 0 ^ 0 OMe 
^ o ^ \ / 、 。 4 
' " 。 V 〜 < y ^ ~ Q r ^ O ^ ^ 〜 < ^ : 
®^°v 0 0 』 e 
公 〜 / \ Z � 
MeO e々。」 》 C 。Me 
] 1 ^ 
Me。々 0-OMe 
OMe 134 MeO 
Similai-ily, coupling of other terminal acetylenes 129 to 130 with the 
bis(iodophenyl)acetylene 132 underwent smoothly to afford the hexamer 135 and octamer 
136 in 55% and 63% yield respectively. 
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PPh3. ElJ 80e 
13U G30~O O~OG3 
48h 
63~0 1 h 
2. (). 2 Purifi ati n and characterization 
Th an us ligomers 134 - 13() btain d fr m th palladium -catal z d Cl 1I lin~ 
r actll n n purifi d chr milt )graphic techniq ue .. . Th so lu ilit. and u laril~ 
f th Cl mp( unds \ r th critic; .. lI fact 1r. · in d t nninin~ the types of .'nlv nl" us d in rh ~ 
uritlcati n pr c ss. re I J t i \' I Y n l n p n la r Cl )(11 P () 1I n d S J n d t h i r 
dil ut d s( IUli )ns 'ould elut d frolll .'ilicJ g I . lurnn ~' ve ry quickl y u.'ing h . an / th yl 
~l ' tJt 1l1ixtur. Ho \ v r. th ir re iJti\' I. ' p\h )r '-. l lub iliti ~ ill this .'l h ' IH 1l11xtur 
rh ir It ading dir ctly ( nt ) th .. ilie.l ~ 1 cnlulnll \\ 'ithout precipitatil n. FortullJ( 11' . it \ ' ~I." 
i .. 'n \, r d that t( luen rTHF was an ideal .' h 'en t mixtur ft)J' the . pUJificJtion u t' thc.' , L' 
silica .= el ch I' matograph '. 
h .. truc tur , and puriti s )f th s d noriric-.'olu i1iz J )Iig orn er. 134 - 136 . re 
tir .. th J t nnin J xamining their resp cti v IH NMR 'p ctra. A .. xp ct J. th r \~ ' J . 
littl int' )nna ti n t e eained fr m the .. igna!. · ;,ui .. ing fr m the dendritic sectur.. . The 111 ( ~t 
i .. tin '0 paJ1 of rh I H. IR pectra l f the 'e l)1 igl mer.. er the aromatic r gi m fruln 
\\ hi 'h ' IT 'pl nd d t the ~' ignal. · JIl"ln~ fr )m th li", )( phen I nerh n '1 n 
Th tetramer 134 ~a a multipl t at . ~6 - 7. -() h ieh cOlTe:pond d to 1_ 
f1( ns In rh ph n I (I ~l n hile the h . aJ11 r 13- and ( 'tamer 13() .. ho d the 
multipl l! ' at 7.44- and .~3 - 7. 5_ \ hich c rTe .. pond t( _0 and 2 pr-ot H1S 
respectively. Unfortunately, an additional aromatic multiplet signal at 5 7.7 was observed, 
which was presumably due to the presence of an impurity. Repeated chromatographic 
purification of these oligomers by silica gel columns failed. It appeared that the undesirable 
impurity was eluted together with the desired oligomer. This problem was more 
pronounced with the octamer 136. Although this impurity could be partially cleaned up by 
precipitation of the oligomer by ether/hexane mixture from dichloromethane solutions, 
however, this,impurity cannot be completely removed. The ^H NMR signals from 5 6.8 -
5 7.5 were due to the aromatic protons arising from the oligomer chain, while that of 5 
3.75 was due to the methoxy group originated from the dendritic sector. The relative 
integration of these two regions then gives us the number of phenylenethynyl units resided 
within the molecule (Table 5). As can be seen from the table, the experimental values 
agreed well with expected values. It should be noted that the four aromatic protons which 
are ortho to the oxygen atom give a higher field chemical shift value at 5 6.8. 
Compound Tlieoretical Found 
relative intensity relative intensity 
Ar: Ar {ortho to 0) : CH3O  
G3-tetramer-G3 13 4 12 ： 4 ： 48 10.3 : 3.4 ： 48.0 
G3-hexamer-G3 135 20 ： 4 ： 48 16.9 ： 3.8 ： 48.0 
G3-octamer-G3 136 2 8 : 4 : 4 8 2 8 . 9 : 4 . 0 : 4 8 . 0 
Table 5. The relative intensities ot" proton signals ol dendritized soluble oligomers 134 - 136. 
It was unfortunate that the molecular weights of the compounds 134 to 136 could 
not be determined by mass spectrometers available to us. Hence, SEC was performed tor 
compounds 134 - 136 in order to estimate their molecular weights and purities (Table 6). 
First of all, the experimental found Mn and Mw values of these symmetrical oligomers were 
approximately twice as large as those of their corresponding half-size terminal acetylene 
precursors. Secondly, the Mn and M ^ values obtained from SEC were much larger than 
the calculated molecular weights. This was not unexpected because SEC data reflected the 
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molecular size rather molecular weight The relatively rigid oligomer chain might actually 
"amplify" the molecular volume of these molecules and resulted in an overestimation of 
their molecular weights. Thirdly, according to SEC data, there was little difference in 
molecular weight between the tetramer 134 and hexamer 135. Finally, these oligomers 
turned out to be monodisperse, as indicated by their rather narrow polydispersity (1.03). 
SEC  
C o m p o u n d F o r m u l a T h e o . ^ n ^ w ^ w / ^ n 
mass  
G3-tetramer-G3 134 Cn2H190O44 2959 4955 5094 1.03 
G3-hexamer-G3 135 Ci88H198O44 3159 4970 5098 1.03 
G3-octamer-G3 136| C204H206Q44 3359 5634 5786 |u )3 
Table 6. SEC data for the dendritic-solubilized oligomers 134 - 136. 
2 . 6 . 3 Solubi l i ty and physical appearance 
As described in Section 2.4.1, the oligomeric propagating units 116, 119 and 1 21 
became less soluble when the number of repeating phenylenethynylene units increased. On 
attachment of two polyether dendritic sectors to both ends of the rigid oligomeric backbone, 
significantly improved on solubility of the resulting compounds was realized. For 
examples, the dendritized tetramer 134 and hexamer 135 were readily soluble in toluene. 
THF and chlorinated solvents, although the octamer 136 was less soluble. Nonetheless, 
the solubility was still sufficiently high to allow full characterization by NMR 
spectroscopy. It was therefore gratifying to see that polyether dendritic fragments were 
indeed useful solubilization agents for this kind of rigid rod, scarcely soluble materials. As 
expected, the symmetrically capped oligomers are all yellowish glassy substance and show 
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strong fluorescence in solutions. Unfortunately, because of the presence of the impurity in 
these samples, we were not able to examine the properties of these molecules. 
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3. Summary 
This thesis described the use of polyether dendritic fragments to solubilize 
intractable conjugated oligomers, such as oligo(phenylenevinylene)s OPVs and 
oligo(phenylenethynylene)s OPEs. An accelerated approach for the synthesis of oligo-
(phenylenevinylene) using a dimeric propagating unit 72 was described. Unfortunately, 
this unit cannot be used to grow OPV on a dendritic matrix. On the other hand, 
propagation units of different length 116, 119 and 121, could be used to grow OPE on 
our polyether dendritic fragments. In this synthetic study，we were able to prepare the 
tetramer 134，hexamer 135 and octamer 136 of OPEs with significantly improved 
solubilizing properties by appending dendritic segment on both ends of the oligomer 
backbone. Unfortunately, despite numerous attempts, we were unable to remove a small 
amount of impurities generated during the coupling procedure. Hence we were unable to 
fully investigate the physical and redox properties of these molecules. Future efforts 
should be devoted to use alternative coupling procedures or catalyst systems to avoid the 
formation of the undesirable byproducts. 
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4. Exper imental section 
Melting points were measured on a Reicheit Microscope apparatus and are 
uncorrected. Brucker W M 250 spectrometer was used to obtain l H (250 MHz) and 13c 
(62.9 MHz) NMR spectra. Al l spectra were recorded on a Brucker W M 250 instrument for 
samples in deuteriochloroform (CDCl3) using tetramethylsilane (TMS) as internal standard 
unless otherwise specified. Chemical shifts are reported in parts per million (ppm) in 5 
scale downfield from TMS. Coupling constants (7) are reported in hertz. IR spectra were 
recorded on a Nicolet 205 or on a Perkin-Elmer 1600 series FT-IR spectrometer as fi lm on 
KBr disc. Mass spectra were obtained on a Bruker APEX 47e FTMS with liquid 
secondary-ion mass spectrometry (L-SIMS) method or electrospray ionization (ESI) 
technique or 011 a Bfiflex Time of Flight mass spectrometer with matrix-assisted laser 
desoiptive ionization (MALDI) method. Size exclusion chromatography was carried out on 
a Waters HPLC 510 chromatograph connected to a Waters 486 tunable UV absorbance 
detector. Three Styragel HR1, HR2, HR4 SEC columns (7.8 x 300 mm) connected in 
series were used with THF as eluting solvent. Elemental analyses were carried out at 
either Testing Centre, Zhong Shan University. China or MEDAC Ltd., Department of 
‘ s 
Chemistry, Bmnel University, Uxbridge, Middlesex UB8 3PM, United Kingdom. All 
nonaqueous reactions were carried out under a dry nitrogen atmosphere with flame-dried 
glassware. AU reactions were monitored by thin layer chromatography (TLC) performed 
on Merck precoated silica gel 6OF254 plates, and compounds were visualized with a spray 
of 5% w/v dodecamolybdophosphoric acid in ethanol with subsequent heating. Flash 
chromatography was carried out on columns of Merck Keisel gel 60 (230-400 mesh). 
Unless otherwise stated, all chemicals were purchased from commercial suppliers and used 
without further purification. M solvents were reagent grade. Dichloromethane was 
distilled from P2O5 and stored over 4 人 molecular sieves. THF was freshly distilled from 
sodium/benzophenone ketyl under nitrogen. 
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Symmetr ical sulfide (81). Methyl 4 - b r o m o m e t h y l b e n z o a t e 3 2 80 (10.00 g, 44 mmol) 
was added to a stirred solution of sodium sulfide (2.75 g, 60% by weight, 21.5 mmol) in 
ethanol (70 cm3) under nitrogen at 20°C. After 4 h, the mixture was poured into water (50 
cm3)，extracted with ethyl acetate (2 x 150 cm])，dried (Na2SO4) and concentrated under 
reduced pressure to give the crude product. Reciystallization from hexane/ether gave the 
symmetrical sulfide 81 as a white solid (5.70 g, 80%); m.p. 101 - 103。C; Rt 0.25 
(hexaneMOAc = 20/1); \)max(KBr)/cm-l 1116, 1278，1438, 1711; m/z (EI) 330 (M+， 
10%), 149 (100), 121 (70); 5H3.61 (4 H, s, SCH2Ar), 3.92 (6 H，s, CO2CH3), 7.32 (4 
H, d , J8 .3 , ArH), 7.98 (4 H, d , / 8 . 3 , ArH); 5c 35.4, 52.0, 129.0, 129.1, 129.8, 143.2, 
166.8. AnaL Found: C 65.55, H 5.54. Ci8Hi8O4S requires C 65.44, H 5.49. 
M o n o a c i d (82). Powdered potassium hydroxide pellets (0.67 g, 12 mmol) was added 
to a stirred solution of the ester 81 (4.00 g, 12 mmol) in methanol (10 cm^) and THF (15 
cm3) The mixture was heated to reflux for 12 h. The resulting mixture was neutralized 
with diluted hydrochloric acid and the solvents evaporated under reduced pressure. The 
residue was diluted with ethyl acetate (100 cm〕），washed with water (30 cm3), dned 
(Na2SO4), concentrated under reduced pressure and chromatographed on silica gel 
(hexane/EtOAc 二 3/1) to give the carboxylic acid 82 as a white solid (2.30 g. 60%): m.p. 
189 - 191。C:^f0.40 (hexane/EtOAc= l / l ) : i ^ax (KBr ) / cm- l 1286, 1684, 1713, 3200 -
3600: m/z (EI) 316 (M+, 20%), 149 (100), 121 (70): Sn (OH not observed) 3.63 (4 H，s. 
SCH2Ar), 3.92 (3 H, s, CO2CH3), 7.33 (2 H, d, J 8.3，ArH), 7.34 (2 H, d, J 8.3, ArH), 
7.99 (2 H, d, J 8.3，ArH), 8.00 (2 H, d, J 8.3，ArH); 5c (d^-DMSO) 35.1，52.1，128.3. 
129.1, 129.2, 129.4, 129.5, 144.1，143.5, 166.1，167.1. Anal. Found: C 64.57’ H 
5.39. C17Hi6O4S requires C 64.54, H 5.10. 
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Alcohol (83 ) . A solution of borane in THF (10 cm^, 1.0 M, 10 mmol) was added 
dropwise to a stirred solution of the acid 82 (0.60 g, 1.9 mmol) in dry THF (10 cm》 
under nitrogen at 0°C. After 4 h，the mixture was quenched with water (20 cm^) and 
extracted with ethyl acetate (2 x 50 cm3). The combined extracts were dried (Na2SO4), 
concentrated under reduced pressure and the residue chromatographed on silica gel 
(hexane/EtOAc = 3/1) to give the alcohol 82 as a white solid (0.50 g, 87%); m.p. 79 -
82。C;Af0.31(hexane/EtOAc=l/ l); i%iax(KBr)/ciTrl 1116, 1282, 1727, 3200 - 3600; m/z. 
(EI) 302 (M+’ 10%), 121 (100), 91 (65); 5H 2.27 - 2.31 (1 H, br s)，3.61 (2 H, s, 
SCH2Ar), 3.65 (2 H, s，SCH2Ar), 3.95 (3 H, s, CO2CH3), 4.70 (2 H, s, ArCH2OH), 
7.27 (2 H, d，J 8.3, ArH), 7.34 (2 H, d, J 8.3, ArH), 7.36 (2 H, d, J 8.3, ArH), 8.01 (2 
H, d , 7 8.3, ArH); 5c 35.4, 35.5, 52.1, 65.1, 127.0，127.3, 129.1, 129.3, 129.9，137.4, 
140.0，143.8，167.1. Anal. Found: C 67.82, H 6.12. C17Hi8O3S requires C 67.52’ H 
6.{)0. 
Sulfone (84). A mixture of the sulfide 83 (0.20 g, 0.7 mmol) and Oxone® (1.25 g. 2.0 
mmol) in dichloromethane (10 cm^) and methanol (5 cm^) was stirred under nitrogen tbr 
24 h. The reaction mixture was then filtered through a short column of silica gel and the 
filtered cake washed with dichloromethane (40 cm^). The filtrate was washed with water 
(20 cm3), dried (Na2SO4) and concentrated under reduced pressure to give a white solid 
which was purified by flash chromatography on silica gel (hexane/EtOAc = 5/1) to give the 
sulfone 84 as a white solid (0.21 g, 90%); m.p. 201 - 203。C; R( 0.2() (hexane/EtOAc = 
2/l):^)max(KBr)/crn-l 1116，1282, 1727, 3200 - 3600; m/z (EI) 334 (M+, 1%), 121 (100), 
91 (57); 5H (d6-DMS0) 3.86 (3 H, s, CO2CH3), 4.48 (2 H, br s, ArCH2SO2X 4.50 (2 H， 
d, J 5.0, CH2OH), 4.58 (2 H, s, ArCH2SO2), 5.23 (1 H, t, 7 5.6, OH), 7.34 (4 H, s， 
ArH), 7.53 (2 H, d, JlA, ArH), 7.98 (2 H, d, / 7 . 7 , ArH). AnaL Found: C 61.15, H 
5.54. C17Hi8O5S requires C 61.06, H 5.43, 
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Sti lbene (85 ) . Powdered potassium hydroxide on alumina (().7() g, 50% by weight) 
was added to a vigorously stiiTecl solution of the sulfone 84 (().14 g, 0.42 mmol) in 
dichloromethane (10 cm3) at 0。C. Dibromoditluoromethane (0.25 cm^, 2.7 mmol) was 
then added in one portion. After 15 min, the mixture was filtered and the filtered cake 
washed with dichloromethane (50 cm3). The filtrate was washed with water (20 cin3), 
dried (Na2SO4) and concentrated under reduced pressure to give a white solid which was 
purified by flash chromatography on silica gel (hexane/EtOAc 二 30/1) to give the stilbene 
85 as a yellow solid (0.09 g, 80%); m.p. 213 - 215°C; Rf 0.29(hexane/EtOAc 二 10/1)； 
o^ax(KBi.)/cm-l 1110，1285, 1723，3200 - 3600; mJz (EI) 268 (M+，100%), 178 (65); Sn 
(d6-DMS0) 3.86 (3 H, s，CO2CH3), 4.52 (2 H, d，J 5.6，CH2OH), 5.24 (1 H, t, J 5.8, 
OH), 7.31 (1 H, d, J 16.5，CH=C), 7.35 (2 H, d, /7 .9，ArH) , 7.43 (1 H, d, J 16.5, 
CH=C), 7.74 (2 H, d, J 8.4，ArH), 7.62 (2 H, d, J 8.1, ArH), 7.96 (2 H, d, J 8.3, ArH) . 
Anal. Found: C 75.56; H 6.06. C17Hi6O3 requires C 76.10, H 6.01. 
Benzyl ic ch lor ide (86). A mixture of the alcohol 85 (0.30 g, 1.1 mmol) and thionyl 
chloride (0.10 cm^, 1.4 mmol) in dry dichloromethane (20 cm^) was stiiTed at ()。C for 30 
min. The reaction mixture was then quenched with water (20 cm3) and extracted with 
dichloromethane (40 cm^). The combined organic layers were dried (Na2SO4) and 
concentrated under reduced pressure to give the crude product which was further purified 
by tlash chromatography on silica gel (hexane/EtOAc = 30/1) to give the chloride 86 as a 
yellow solid (0.32 g, 97%); m.p. 149 - 151。C; Rf 0.29 (hexane/EtOAc = 10/1)： 
\)max(KBr)/cm-l 1116，1278, 1438, 1711; m/z (EI) 287 and 285 (M+, 17 and 50%), 250 
(100), 191 (30); 5H 3.92 (3 H, s, CO2CH3), 4.60 (2 H, s, CH2Cl), 7.11 (1 H, d, J 16.5, 
CH=C)，7.21 (1 H, d，J 16.5, CH=C), 7.40 (2 H, d, J 8.1，ArH), 7.52 (2 H, d, J 8.4. 
ArH), 7.56 (2 H, d，J 8.5，ArH), 8.03 (2 H, d ,7 8.3, ArH); 5c 46.0，52.0, 126.3, 127.1, 
128.2, 129.()，130.0, 130.4，136.9, 137.3, 141.6，166.8. Anal. Found: C 70.81, H 
5.39. C17H15O2Cl requires C 71.21, H 5.27. 
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Thio lacetate (87). A mixture of thiolacetic acid (0.10 cm3，1.4 mmol) and anhydrous 
sodium hydrogen carbonate (().15 g, 0.51 mmol) in acetone (5 cnP) was stirred at ()。C tbr 
10 min. A solution of the chloride 86 (0.15 g, 1.8 mmol) in acetone (2 cm3) was then 
added and the mixture stirred at 20°C for 8 h. The resulting mixture was concentrated 
under reduced pressure and the residue diluted with ethyl acetate (50 cm^). The organic 
layer was washed with water (20 cm》，dried (Na2SO4) and concentrated under reduced 
pressure to give the crude product which was purified by flash chromatography on silica 
gel (hexane/EtOAc = 50/1) to give the thiolacetate 87 as a yellow solid (0.14 g, 85%); m.p. 
135 - 140°C; Rf 0.70 (hexane/EtOAc = 20/1); Dmax(KBr)/cm-l 1112, 1285, 1700, 1724; 
5H 2.36 (3 H, s, COCH3), 3.92 (3 H, s, CO2CH3), 4.13 (2 H, s, CH2S), 7.09 (1 H, d, J 
16.5, CH=C)，7.19 (1 H, d , 7 16.5, CH=C),7.30 (2 H, d , 7 8 . 1 , ArH), 7.46 (2 H, d. J 
8.4，ArH), 7.55 (2 H, d, J 8.5, ArH), 8.02 (2 H，d, J 8.3, ArH); 6c 30.3, 33.3, 52.0, 
126.3, 127.0, 127.7，129.0, 129.3, 130.0, 130.7, 135.9, 137.7, 141.8. 166.8. 194.9: 
m/z (EI) 326 (M+’ 4%), 325 (20), 251 (100). Anal. Found: C 69.41, H 5.64. 
C19Hi8O3S requires C 69.91, H 5.56. 
Th io le ther (89). A mixture of the thiolacetate 87 (35 mg, 0.11 mmol), powdered 
potassium hydroxide (20 mg, 0.36 mmol) in methanol (5 cm^) was stirred at ()°C tbr 1 h. 
The mixture was quenched with water (20 cm^) and extracted with dichloromethajie (2 x 
30 cm3). The organic extracts were dried (Na2SO4), concentrated under reduced pressure 
and chromatographed on silica gel (hexane/EtOAc = 10/1) to give the thiol 72 as a yellow 
solid (23 mg, 75%); m.p. 154 - 158。C; Rr 0.17 (hexane/EtOAc = 3/1); m/z (EI) 284 (M+, 
11%), 251 (40), 149 (100); 5n 1.78 (1 H, t, J 7.6, SH), 3.76 (2 H, d, J 7.6，CH2S), 3.92 
(3 H, s, CO2CH3), 7.09 (1 H, d, J 16.5, CH=C)，7.20 (1 H, d，J 16.5, CH=C), 7.33 (2 
H, d, J 8.1，ArH), 7.49 (2 H，d, J 8.4，ArH), 7.55 (2 H, d, J 8.5，ArH), 8.02 (2 H, d，J 
8.3，ArH). In solution, this thiol rapidly oxidized to the disulfide on contact with air and 
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was used immediately in the next reaction without further characterization. A mixture of 
the thiol 72 (60 mg, 0.18 mmol), 3,5-di-,6r"butylbenzyl bromide^^ 88 (65 mg, ().23 
mmol) and powdered potassium hydroxide (20 mg, 0.36 mmol) in acetone (10 cm，was 
stirred at 20°C for 8 h. The mixture was poured into water (20 cm3) and extracted with 
ethyl acetate (2 x 30 cm^). The combined extracts were dried (Na2SO4), concentrated 
under reduced pressure and chromatographed on silica gel (hexane/EtOAc 二 10/1) to give 
the sulfide 89 as a white solid (57 mg, 65%); m.p. 138 - 140。C; Rf 0.15 (hexane/EtOAc 二 
3/1); i)max(KBr)/cm-l 1281, 1716; mfz (EI) 486 (M+，10%), 251 (100), 203 (52); 5H 1.25 
(18 H, s,广-Bu), 3.53 (4 H, s, CH2S), 3.84 (3 H, s, CO2CH3), 7.03 (1 H, d, J 16.5, 
CH=C), 7.04 (2 H, d, J 1.7, CH=C), 7.13 (1 H, d, J 16.5, ArH), 7.17 - 7.25 (3 H, m, 
ArH), 7.40 (2 H, d, J 8.4，ArH), 7.48 (2 H, d. J 8.5，ArH), 7.95 (2 H, d, J 8.3, ArH): 
5c 31.5, 34.8，35.5, 36.4，52.0，121.0, 123.2. 126.3, 126.8, 127.4, 129.0, 129.5, 
130.0, 130.9, 135.6, 136.9，138.7, 141.9, 150.9, 167.0. Anal. Found: C 78.56: H 7.97. 
C32H38O2S requires C 78.97，H 7.87. 
Sulfone (90). A mixture of the sulfide 89 (60 mg, 0.12 mmol) and Oxone® (0.40 g, 
().72 mmol) in dichloromethane (10 cm^) and methanol (5 cm^) was stirred at 20。C for 24 
h. The resulting mixture was filtered through a short column of silica gel and the filtered 
cake washed with dichloromethane (50 cin3) The combined filtrate was washed with 
water (20 cm^), dried (Na2SO4), concentrated under reduced pressure and 
chromatographed on silica gel (hexane/EtOAc = 10/1) to give the sulfone 90 as a white 
solid (60 mg, 90%); m.p. 207 - 209。C; (Found: MH+ 519.2550. C32H39O4S requires 
519.2564); Rf030 (hexane/EtOAc = 3/1); i)max(KBr)/crn-l 1124，1280, 1716，1309; m/z. 
(EI) 518 (M+，3%); 5H 1.35 (18 H, s, r-Bu), 3.93 (3 H, s，CO2CH3), 4.12 (2 H, s, 
CH2SO2), 4.15 (2 H, s, CH2SO2), 7.15 (1 H, d, J 16.5，CH=C), 7.22 (2 H，d, J 1.7. 
ArH), 7.23 (1 H, d, J 16.5，CH=C), 7.39 (2 H, d, J 8.1, ArH), 7.46 (1 H, t, J 1.7, 
ArH), 7.56 (2 H, d，J 8.4，ArH), 7.58 (2 H, d, J 8.5, ArH), 8.()4 (2 H, d，J 8.3, ArH): 
55 
•* 
5c 31.4, 34.9, 52.0, 57.6, 58.9, 123.0，125.1, 126.4，126.9, 127.1，127.6, 128.7, 
129.3, 130.1，130.3, 131.3，137.5，141.5，151.6, 166.8. 
Trimer (91) . Powdered potassium hydroxide on alumina (0.7 g, 50% by weight) was 
added to a vigorously stirred solution of the sulfone 90 (70 mg, 0.14 mmol) in 
dichloromethane (10 cm》at 0°C. Dibromoditluoromethane (0.10 cm^, 1.1 mmol) was 
then added in one portion. After 15 min，the mixture was filtered and the filtered cake 
washed with dichloromethane (50 cm3). The filtrate was washed with water (20 cm3), 
dried (Na2SO4) and concentrated under reduced pressure to give a yellow solid which was 
purified by flash chromatography on silica gel (hexane/EtOAc 二 10/1) to give the stilbene 
91 as a yellow solid (52 mg, 80%); Rf 0.30 (hexane/EtOAc 二 3/1); Sn 1.35 (18 H, s, t-
Bu)’ 3.93 (3 H, s, CO2CH3), 7.12 (1 H, d, J 16.5，CH=C), 7.16 (1 H, d, J 16.5, 
CH=C), 7.20 (1 H, d, J 16.5, CH=C), 7.26 (1 H, d, J 16.5，CH=C)，7.40 (3 R m, 
ArH), 7.55 (4 H, s, ArH), 7.59 (2 H, d, J 8.5, ArH), 8.05 (2 H, d, J 8.3, ArH). 
General procedures for the synthesis of Gn-Br (95, 98 and 101). A mixture 
of the phenol Gn-OH (1 equiv.), l,3-dibromopropane (15 equiv.)，potassium carbonate 
(2.5 equiv.) and 18-crown-6 (5 mol%) in acetone (15 cm^) was heated to reflux. Cesium 
carbonate was used instead of potassium carbonate for the preparation of the third 
generation bromide. The reaction time required was 8, 10 and 12 h for first, second and 
third generation bromides respectively. The reaction mixture was cooled, filtered and 
evaporated under reduced pressure to give the cmde product which was purified as 
described in the following text 
G l - B r (95). Starting from 3,5-dimethoxyphenol G l -OH 94 (14.00 g, 0.09 mol), the 
Gl-Br 95 (24.50 g, 98%) was obtained as a colourless oil aftei. flash column 
chromatography of the crude product on silica gel (hexane gradient to hexane/EtOAc = 2/1): 
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/^,0.6() (hexane/EtOAc = 3/1); i)mcDc(KBr)/cm-' 1()66, 1152, 1205, 1455, 1470, 1600, 
2935; m/z (EI) 273.6 and 275.7 (M+，74 and 73%); 5H 2.29 (2 H, quintet, J 7.2, 
CCH2C), 3.60 (2 H, t, J 7.2，CH2Br), 3.74 (6 H, s, CH3OAr), 4.05 (2 H, t, J 5.8， 
CH2O), 6.()9 (3 H, b rs , ArH); 5c 29.8，32.1, 54.9，65.1，92.9，93.2，160.3, 161.3. 
Anal. Found: C 48.20, H 5.51. CnH15O3Br requires C 48.02, H 5.50. 
G2-Br (98 ) . Staiting from G2-OH 97 (9.30 g, 0.02 mol)，the G2-Br 98 (10.57 g, 
92%) was obtained as a white crystalline solid after flash column chromatography of the 
cmde product on silica gel (hexane gradient to hexaneyTEtOAc = 2/1); m.p. 80 - 84°C; Rt 
().23 (hexane/EtOAc = 2/l);\^ax(KBr)/cm-l 1066，1153，1465，1470, 1556, 1600, 2940； 
m/z (EI) 554 (M+-Br , 17%); Sn 2.17 - 2.28 (6 H, m，CCH2Q, 3.58 (2 H, t, J 6.4’ 
CH2B1-), 3.72 (12 H, s, CH3OAr), 4.02 - 4.17 (10 H, m，CH2O), 6.09 (9 H, br s, ArH): 
5c 29.2, 29.8，32.3, 55.2, 64.4，65.3, 93.1, 9 3 A 94.2, 160.5, 160.7，161.5. Anal. 
Found: C 58.99, H 6.26. C31H39O9Br requires C 58.58, H 6.19. 
G3-Br (101). Starting from G3-OH 100 (4.50 g, 3.65 mmol), the G3-Br 101 (4.25 g. 
86%) was obtained as a white glassy substance after flash column chromatography of the 
cmde product on silica gel (hexane gradient to hexane/EtOAc = 1/1): Rt ().45 
(hexane/EtOAc = l : l ) ; i ^ax ( f i lm) /cm- l 1067, 1153, 1205, 1470, 1556, 1600，2937： m/z. 
(L-SIMS) 1355.5 and 1357.5 (MH+, 100 and 100%); bu 2.18 - 2.26 (14 H, m, CCH2C). 
3.56 (2 H, t , 7 6.5, CH2Br), 3.77 (24 H, s, CH3OAr). 4.02 - 4.10 (26 H，m, CH2O), 
6.08 - 6.09 (21 H, m, ArH); 5c 28.9, 29,6, 32.1, 55,0, 64.3, 65.1，92.9, 93.3, 94.0, 
160.6, 161.4. Anal. Found: C 62.38, H 6.70. C71H87O21Br requires C 62.87，H 6.47. 
General procedures for the synthesis of Gn-OBn (96 and 99). A mixture of the 
bromide G(n- l ) -Br (2 equiv.), 5-benzyloxyresorcinol (1 equiv.)，potassium carbonate (4 
equiv.) and 18-crown-6 (5 mol%) in acetone was heated to retlux. The reaction time 
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required was 16 and 24 h for second and third generation bromides respectively. The 
reaction mixture was cooled, filtered and washed with acetone (3 x 10 cm3) Atter 
concentration of the filtrate on a rotary evaporator, the crude product was purified as 
described in the following text 
G2-OBn (96). Starting from G l - B r 95 (19.50 g, 0.07 mol) and 5-benzyloxyresorcinol 
93 (6.96 g, 0.03 mol), the G2-OBn 96 (14.01 g, 72%) was obtained as a white crystalline 
solid after tlash column chromatography of the cmde product on silica gel (hexane gradient 
to hexane/EtOAc 二 3/2); m.p. 79 - 82。C; R^ 0.22 (hexane/EtOAc = 2/1); Umax(film)/cm_l 
1066, 1152, 1205, 1455，1470，1600, 2940; m/z (EI) 604.0 (M+，2%); 5n 2.20 (4 H , 
quintet，J 6.1, CCH2C), 3.75 (12 H, s, CH3OAr), 4.09 (8 H, t , / 6 . 1 , CH2O), 4.99 (2 H . 
s, CH2OPh), 6.08 (6 H, s, ArH), 6.10 - 6.18 (3 H, m, ArH), 730 - 7.40 (5 H, m, PhH): 
5c 29.2, 55.3，64.6,70.1,93.2, 93.6, 94.6, 127.5, 128.0，128.6, 137.0, 160.8，161.6. 
AnaL Found: C 69.64，H 6.70. C35H40O9 requires C 69.52，H 6.67. 
G3-OBn (99). Starting from G2-Br 98 (8.30 g, 13.06 mmol) and 5-benzyl-
oxyresorcinol 93 (1.41 g, 6.52 mmol), the G3-OBn 99 (5.61 g, 65%) was obtained as a 
white glassy substance after tlash column chromatography of the cmde product on silica 
gel (hexane gradient to hexane/EtOAc = 1/1); Rt 0.18 (hexane/EtOAc : 2/1): 
”max(ftlm)/cm-l 1068, 1154, 12()5, 1392, 1470, 1614，2840, 2937; in/z (L-SIMS) 1325 
(MH+ 67%); 5H 2.20 (12 H, quintet,7 6.1, CCH2C), 3.76 (24 H, s, CH3OAr), 4.06 -
4.10 (24 H，m, CH2O), 4.98 (2 H, s, CH2OPh), 6.07 - 6.17 (21 H, m, ArH), 7.30 - 7.39 
(5 H，m，PhH); 5c 29.4, 55.3，64.7，70.2，93.4, 93.8，94.5，94.8’ 127.3, 127,5，127.9, 
128.5，137.0，160.9, 161.7. AnaL Found: C 67.65, H 6.10. C75H88O2i requires C 
67.96, H 6.69. 
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General procedures fo r the synthesis of G n - O H (97 and 100) . A mixture of 
Gn-OBn, 10% palladium on charcoal (15% by weight) and potassium carbonate (0.5 g) in 
ethanoVEtOAc (3/1) was stirred under hydrogen at r.t. The reaction was monitored by 
TLC until all the starting material was used up. This was approximately 12 and 24 h for 
G2-OBn and G3-OBn. After concentration ofthe filtrate on a rotary evaporator, the crude 
product was purified by the following method. 
G2-OH (97). Starting from G2-OBn 96 (12.20 g，0.02 mol), the G2-OH 97 (9.56 g, 
92%) was obtained as a white crystalline solid after flash column chromatography of the 
crude product on silica gel (hexane gradient to hexane/EtOAc 二 3/2); m.p. 105 - 109。C; Rt 
().16(hexane/EtOAc = 2/l);\^a^(mm)/cm-l 1066,1153, 1455, 1470，1556，1614，2940, 
3417; m/z (EI) 514 (M+, 21%); 5H 2.20 (4 H. quintet,7 6.1, CCH2C), 3.76 (12 H. s. 
CH3OAr), 4.()6 (4 H, t, 7 6.1, CH2O), 4.09 (4 H, t, 7 6.1, CH2O), 5.58 (1 H, s. OH). 
6.()1 - 6.02 (2 H, m，ArH), 6.04 - 6.10 (7 H, m, ArH) ; 5c 29.3, 55.3, 64.6, 93.3, 93.7. 
94.4, 95.1, 157.5, 16().8, 161.0, 161.6. Anal. Found: C 65.47，H 6.78. C28H34O9 
requires C 65.36, H 6.66. 
G3-OH (100). Starting from G3-OBn 99 (4.1() g，3.32 mmol), the G3-OH 100 (3.6() 
g, 88%) was obtained as a white glassy substance after flash column chromatography of 
the crude product on silica gel (hexane gradient to hexane/EtOAc : 1/1); Rt 0.20 
(hexane/EtOAc = 1/1); a^max(KBr)/cm-l 1067, 1153，1205, 1392. 1455, 1470, 1614, 
2840, 2939, 3417; m/z (L-SIMS) 1235.6 (MH+. 48%); bu 2.20 (12 H, m，CCH2C), 3.76 
(24 H, s, CH3OAr), 4.05 - 4.15 (24 H, m, CH2O), 6.00 - 6.01 (2 H, m, ArH), 6.1()-
6.16 (19 H, m, ArH); 5c 29.2, 55.2, 64.6，93.2, 93.6, 94.4，95.0, 157.6, 160.7, 16()..8, 
161.5. Anal. Found: C 66.01，H 6.74. C68H82O2i requires C 66.11, H 6.69. 
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Benzyl ether (102). A mixture of G3-OH 100 (0.12 g, 0.09 mmol), the chloride 86 
(0.03 g, 0.11 mmol), cesium carbonate (0.03 g, 0.10 mmol) and 18-crown-6 (0.01 g， 
0.03 mmol) in acetone (10 cm^) was stirred at r.t. After 4 h, the organic solution was 
concentrated under reduced pressure. The cnide product was diluted with NaCl solution 
(15 cm3) and extracted with ethyl acetate (3 x 10 cm^). The organic solution was dried 
(Na2SO4), filtered and concentrated under reduced pressure to give the crude product 
which was purified by flash column chromatography on silica gel (hexane gradient to 
hexane/EtOAc = 3/1) to afford the benzyl ether 102 (0.10 g, 80%) as a pale yellow oil; Rf 
0.20 (hexane/EtOAc = 1/1); 5n 2.15 - 2.24 (12 H, m, CCH2C), 3.74 (24 H, s，CH3OAr), 
3.92 (3 H, s，CH3O), 4.06 - 4.13 (24 H, m, CH2O), 4.99 (2 H, s, CH2Ar), 6.07 - 6.12 
(19 H, m，ArH), 6.16 - 6.17 (2 H, m, ArH), 7.15 (1 H, d, J 24.0, CH=C), 7.26 (1 H, d, 
J 24.0, CH=C), 7.40 (2 H, d, J 8.0’ ArH), 7.52 (2 H, d, J 5.6, ArH) , 7.55 (2 H, d，J 
5.6，ArH), 8.02 (2 H, d, J 8.4, ArH). 
Alcohol (103). A mixture of benzyl ether 102 (0.05 g, 0.03 mmol) in THF (10 cm3) 
at 0°C was added to a suspension of l ithium aluminum hydride (0.01 g, 0.03 mmol) in 
THF (10 cm3). After 1 h, the reaction mixture was quenched with water (10 cm^) and 
extracted with dichloromethane (3 x 10 cm3). The combined solution was dried (Na2SO4), 
filtered and concentrated by reduced pressure to give the crude product which was purified 
by flash column chromatography on silica gel (hexane gradient to hexane/EtOAc = 2/1) to 
afford alcohol 103 (0.04 g, 90%) as a colourless oil; i^f0.11 (hexane/EtOAc = 1/1); 5n 
2.18 - 2.24 (12 H, m, CCH2Q, 3.75 (24 H, s, CH3OAr), 4.06 - 4.10 (24 H, m, CH2O), 
4.70 (2 H, s, CH2OH), 4.98 (2 H, s, OCH2Ar), 6.07 - 6.09 (19 H, m, ArH) , 6.16 - 6.17 
(2 H, m, ArH), 7.10 (2 H, s, CH=C), 7.35 (2 H, d，J 8.4，ArH), 7.38 (2 H, d, J 8.4， 
ArH), 7.49 (2 H, d, J 6.6, ArH), 7.51 (2 H, d, J 6.6，ArH). 
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Chloride (104). A mixture of alcohol 103 (().()4 g, 0.03 mmol) and thionyl chloride 
(().()5 cm3，0.7 mmol) in dry dichloromethane (10 cm^) was stirred at ()。C for 30 min. The 
reaction mixture was then quenched with water (20 cm3) and extracted with 
dichloromethane (40 cm^). The combined organic layers were dried (Na2SO4) and 
concentrated under reduced pressure to give the crude product which was further purified 
by tlash chromatography on silica gel (hexane/EtOAc = 2/1) to give the chloride 104 as a 
yellow oil (0.03 g, 70%); Rf 0.25 (hexane/EtOAc = 1/1); bu 2.17 - 2.20 (12 H, m, 
CCH2C), 3.74 (24 H, s, CH3OAr) , 4.05 - 4.10 (24 H，m，CH2O), 4.59 (2 H，s，CH2Cl), 
4.99 (2 H, s, OCH2Ar), 6.01 - 6.10 (19 H, m, ArH), 6.16 - 6.17 (2 H，m, ArH), 7.()9 (2 
H, s，CH=C), 7.35 (2 H, d，J 7.1，ArH), 7.39 (2 H, d，J 7.1，ArH), 7.48 (2 H, d，J 4.9, 
ArH), 7.51 (2 H, d, J 4.9 , ArH). 
Benzyl ether (107). A mixture of G3-Br 101 (0.24 g, ().18 mmol), methyl 4-
hydroxybenzoate 106 (0.04 g, 0.26 mmol), cesium carbonate (0.12 g, 0.35 mmol) and 
18-crown-6 (0.05 g, 0.18 mmol) in acetone (10 cm^) was stirred at r.t. After 4 h，the 
organic solution was concentrated under reduced pressure. The cmde product was then 
diluted with NaCl solution (15 cm^) and extracted with ethyl acetate (3 x 10 cm3). The 
combined solution was dried (Na2SO4), filtered and concentrated by reduced pressure to 
give the cmde product which was purified by tlash column chromatography on silica gel 
(hexane gradient to hexane/EtOAc 二 2/1) to afford benzyl ether 107 (0.19 g, 75%) as a 
pale yellow oil; R^ 0.25 (hexane/EtOAc = 3/2): 5n 2.15 - 2.20 (14 H, m, CCH2C), 3.76 
(24 H, s，CH3OAr), 3.92 (3 H, s，CH3O), 4.05 - 4.18 (28 H, m, CH2O), 6.03 - 6.09 (21 
H, m, ArH), 6.90 (2 H, d, J 8.3, ArH), 7.91 (2 H, d，J 8.3，ArH). 
Alcohol (108). A mixture of benzyl ether 107 (0.04 g, 0.03 mmol) in THF (10 cm3) 
at ( fC was added to a suspension of Uthium aluminum hydride (0.01 g, 0.03 mmol) in 
THF (10 cm3). After 1 h，the reaction mixture was quenched with water (10 cm^) and 
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extracted with dichloromethane (3 x 10 cm3). The combined layer was dried (Na2SO4), 
filtered and concentrated by reduced pressure to give the crude product which was purified 
by tlash column chromatography on silica gel (hexane gradient to hexane/EtOAc 二 1/1) to 
afford alcohol 108 (0.03 g, 75%) as a colourless oil; Rf 0.15 (hexaneMOAc 二 1/1); 5H 
2.18 - 2.25 (14 H, m, CCH2Q, 3.75 (24 H, s, CH3OAr), 4.06 - 4.1() (28 H, m, CH2O), 
4.59 (2 H, s, CH2OH), 6.06 - 6.09 (21 H, m, ArH), 6.88 (2 H, d, J 8.6，ArH), 7.25 (2 
H, d，J 8.6，ArH). 
/ ; - Iodopheny l d iethy l t r iazene (112). To a stirred solution of p-iodoaniline 111 
(21.90 g, 0.10 mol) in diluted HC1 solution (50 cm3) at 0。C was added dropwise to an 
aqueous solution (30 cm，of NaNO2 (7.60 g, 0.11 mol) . After 30 min, the solution was 
then added to an ice cold aqueous solution (100 cm^) gf K2CO3 (20.70 g, 0.15 mol) and 
HNEt2 (11.00 g，0.15 mol). After 10 min, the mixture was then extracted with diethyl 
ether (3 x 50 cm^) and the organic solution was dried (Na2SO4), filtered and concentrated 
under reduced pressure to give a brown oi] which was then purified by tlash 
chromatography on silica gel to give the triazene 112 as a yellow oil (26.00 g. 86%): R\ 
0.30 (hexane); w ( K B r ) / c m - ^ 828, 1000，1056 . 1039, 1107，1161，1198, 1238, 1338, 
1391, 1418, 1469, 2870, 2932, 2 9 7 3 ;如 1.25 (6 H. t . 7 7.1, NCCH3), 3.75 (4 H, q, J 
7.1, NCH2C), 7.16 (2 H, d, 7 8.7, ArH), lM) (2 H, d, J 8.7, ArH); 5c 12.8’ 42.2. 
88.9, 122.4, 137.6, 150.8. Anal. Found: C 39.60, H 4.55, N 13.61. C10H14N3I 
requires C 39.62, H 4.66，N 13.85. 
General procedures for the synthesis of p-trimethylsilyl(oligo)-
ethynylphenyl diethyltriazene. A mixture of iodobenzene (1 equiv.), terminal 
acetylene (1.1 equiv.)，Pcl(dba)2 (5 moi%), CuI (10 mol%) and triphenylphosphine (20 
mol%) in Et3N (10 cm^) was added into a sealed tube purged with nitrogen. The mixture 
was degassed and back-filled with nitrogen three times, the flask was then sealed and 
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stirred at 80°C. The reaction time required was 24 h while the tetramer needed a longer 
reaction time (48 h) for the reaction. Pd(PPh3)2Cl2 (5 mol%) was used as the catalyst in 
the formation of the monomer. The mixture was then cooled, diluted with NaCl solution 
and extracted with dichloromethane (3 x 10 cm3). The organic solution was dried 
(Na2SO4), filtered and concentrated under reduced pressure to give the crude product 
which was purified as described in the following text. 
j:;-Triniethylsilyl(ethynylphenyl) diethyltr iazene (114). Starting from 
iodobenzene 112 (1.00 g, 3.30 mmol) and trimethylsilylacetylene 113 (0.56 cm3, 3.96 
mmol), the p-trimethylsilyl(ethynylphenyl) diethyltriazene 114 (0.68 g, 75%) was 
obtained as a yellow oil after flash column chromatography of the cmde product on silica 
gel (hexane/EtOAc 二 4/1); Rf 0.40 (hexane^tOAc 二 4/1); ^)max(KBr)/cm-l g42, 864, 
1096, 1159, 1201, 1238，1336，1397，1434, 1424, 1470, 2154, 2961; m/z (EI) 273 (M+, 
31%); 5n 0.25 (9 H, s, Si(CH3)3), 1.27 (6 H, t, JlA, NCCH3), 3.78 (4 H, q’ J 7.1, 
NCH2C), 7.35 (2 H, d ,7 8.6, ArH), 7.44 (2 H, d, J 8.7, ArH); 5c() . l , 12.8，45.9’ 93.5, 
106.0，119.5, 120.4, 131.5, 132.3, 132.8, 15i.4. Anal. Found: C 65.90, H 8.46. N 
15.41. C15H23N3Si requires C 65.89, H 8.48, N 15.37. 
p-Tr imethyls i ly l (d i)ethynylphenyl diethyltriazene (117). Starting from iodo-
benzene 116 (0.67 g, 2.23 mmol) and terminal acetylene 115 (0.49 g, 2.44 mmol), the p-
trimethylsilyl(di)ethynylphenyl diethyltnazene 117 (0.59 g, 71%) was obtained as a 
yellow solid after tlash column chromatography of the cmde product on silica gel 
(hexaney^tOAc = 10/1); m.p. 145 - 148°C: Rt、0.22 (hexane/EtOAc 二 50/1): ”max 
(KBr)/cm-l 1046，1454, 1470，1651, 2351, 2930; m/z (EI) 373 (M+31%); Sn 0.25 (9 H, 
s, Si(CH3)3), 1.27 (6 H, t, J 6.8, NCCH3), 3.78 (4 H, q, / 7 . 2 , NCH2C), 7.39 (2 H, d, 
J 8.4，ArH), 7.44 (4 H, s, ArH), 7,48 (2 H, d, J 8.4, ArH); 5c -0.1, 12.8, 45.4，88.9, 
92.2，96.1, 104.9，119.2, 120.5, 122.7，123.9, 131.3, 131.4, 132.0，132.5, 151.4. 
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Anal. Found: C 74.20, H 7.23，N 11.02. C23H27N3Si requires C 73.95, H 7.29, N 
1 1.26. 
p-Trimethylsilyl(tri)ethynylphenyl diethy!triazene (120). Starting from iodo-
benzene 116 (0.16 g, 0.53 mmol) and terminal acetylene 118 (0.16 g, 0.53 mmol), the p-
trimethylsilyl(tri)ethynylphenyl diethyltriazene 120 (0.25 g, 99%) was obtained as a 
yellow solid after flash column chromatography of the cmde product on silica gel 
(hexane/EtOAc = 10/1); m.p. 246 - 250。C; Rf 0.57 (hexane;1EtOAc = 10/1); i)max 
(KBr)/cm-l g40, 873, 1096，1162, 1200, 1233，1336，1396，1455，1451，1620，1652, 
2340, 2917; mh (EI) 473 (M+，7%); Sn 0.25 (9 H, s, Si(CH3)3), 1-26 (6 H, t, J 6.9, 
NCCH3), 3.75 (4 H, q, J 7.1，NCH2C), 7.38 (2 H, d，J 8.4, ArH), 7.43 (4 H, s, ArH) , 
7.47 (4 H, s, ArH)，7.47 (2 H, d，/8。4，ArH): 5c 0.0, 12.4，45.3, 89.0, 90.8, 91.3, 
92.4, 96.2, 104.8, 119.2, 120.6，122.5, 123.1, 123.3, 123.9, 131.4’ 131.5, 131.9, 
132.3, 151.2. 
p-Trimethylsilyl(tetra)ethynylphenyl diethyltriazene (122). Starting from 
iodobenzene 119 (0.11 g, 0.27 mmol) and terminal acetylene 118 (0.09 g, ().3() mmol), 
the p-trimethylsilyl(tetra)ethynylphenyl diethyltriazene 122 (0.10 g, 62%) was obtained as 
a yellow solid after flash column chromatography of the crude product on silica gel 
(hexane/EtOAc 二 10/1); m.p. 280 -284。C: R i 0.36 (hexane/EtOAc = 50/1): 5H 0.25 (9 H . 
s, Si(CH3)3), 1.28 (6 H, t, J 6.9, NCCH3), 3.79 (4 H, q, /7.1，NCH2C), 7.41 (2 H, d. 
J 8.5, ArH), 7.46 (4 H, s, ArH), 7.49 (2 H. d, J 8.5，ArH), 7.50 (8 H，s，ArH). 
p-(Ethynylphenyl) diethyltriazene (115). A mixture of /？-trimethylsilyl-
(ethynylphenyl) diethyltriazene 114 (LOO g, 3.66 mmol) and potassium hydroxide (().61 
g, 4.37 mmol) in THF (40 cm^) and methanol (3 cm3) was stirred at ()。C under nitrogen for 
1 h. The solvents were evaporated under reduced pressure, diluted with NaCl solution (15 
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cm3) and extracted with dichloromethane (3 x 40 cm3). The organic solution was dried 
(Na2SO4), filtered and concentrated under reduced pressure to give a brown oil which was 
then purified by flash chromatography of the cmde product on silica gel (hexane/EtOAc 二 
4/1) to afford the p-(ethynylphenyl) diethyltriazene 115 as a pale yellow oil (().59 g, 80%); 
R^ 0.29 (hexane) ; \^ax(KBr)/cnrl 829, 1000’ 1108，1161，1199, 1238, 1338, 1392, 
1434, 1454, 1470, 1599, 2120, 2933，3287; m/z (EI) 201.0 (M+，50%); 5n 1.27 (6 H, t, J 
7.1, NCCH3), 3.08 (1 H, s, CCH), 3.77 (4 H, q ， J 1 2 , NCH2C), 7.38 (2 H, d’ J 8.6. 
ArH)，7.47 (2 H, d, J 8.3，ArH); 5c 12.8, 44.6，76.7, 84.3, 118.4, 120.5, 132.9, 151.7. 
Anal. Found: C 71.12，H 7.52, N 20.57. C12H13N3 requires C71.61, H 7.51’ N 20.88. 
/7 -Di (ethynylphenyl ) d ie thy l t r iazene (118). A solution of TBAF (1.0 M, ().60 
cm3, 0,60 mmol) in THF was added dropwise to a solution of p-di(ethynylphenyl) 
diethyltriazene 117 (0.19 g, 0.51 mmol) in THF (20 cnP) at 0。C. The brown solution 
was stirred at 0°C for 1 h. Then the mixture was diluted with NaCl solution (20 cm3) and 
extracted with ethyl acetate (3 x 20 cm3). The organic solution was dned (Na2SO4). 
filtered and concentrated under reduced pressure to give a brown solid which was then 
purified by tlash chromatography on silica gel (hexane/EtOAc = 50/1) to afford the p-
di(ethynylphenyl) diethyltriazene 118 as a pale yellow solid (0.14 g, 93%): m.p. 83 -
86°C; R i 0.19 (hexane/EtOAc = 10/1); AJmax(KBr)/crn-l 842，1()98, 1 158, 1197, 1235, 
1333, 1393, 1458,2120. 2970, 2980. 3282: 5n 1-28 (3 H. t . 7 7 .L NCCH3), 3.18 (1 H . 
s, CCH), 3.78 (4 H, q, J 7.1, NCH2C), 7.41 (2 H, d，J 8.7, ArH), 7.47 (4 H. s, ArH) ’ 
7.51 ( 2 H , d , n 7 , A r H ) ; 5 c 12.7, 45.3, 78.7, 83.3，88.7, 92.3, 119.2，120.5, 121.6, 
122.2, 124.3, 131.4, 131.9，132.4, 151.4. Anal. Found: C 79.50，H 6.42, N 13.11. 
C20H19N3 requires C 79.70, H 6.35，N 13.95. 
General procedures for the synthesis of j^-trimethylsilyI(oligo)-ethynyl 
iodobenzene. A mixture ot>-trimethylsilyl(oligo)-ethynylphenyl diethyltriazene (5 - 10 
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mmol) in MeI (20 cm^) was added into a sealed tube. After flushing with nitrogen for 5 
min, the tube was sealed and the solution was stirred at 12()°C for 24, 48 and 72 h with 
compounds 116，119 and 121 respectively. The mixture was cooled in ice bath, washed 
with NaCl solution (30 cm，and then extracted with dichloromethane (3 x 40 cm3) The 
organic solution was dried (Na2SO4), filtered and concentrated by reduced pressure to give 
the crude product which was then purifed in the following text. 
j9-Trimethylsilylethynyl iodobenzene (116). Starting from iodobenzene 114 
(0.75 g, 2.75 mmol), the p-trimethylsilylethynyl iodobenzene 116 (0.72 g, 88%) was 
obtained as a white solid after flash column chromatography of the crude product on silica 
gel (hexane/EtOAc 二 20/1); m.p. 57 - 59。C; Rf ().60 (hexane); i)max(KBr)/cm-l 821，844, 
1005, 1246，1389，1471，1644, 2158, 2959； m/z (EI) 300 (M+，61%); 5n 0.23 (9 H, s. 
Si(CH3)3), 7.18 (2 H，d， /6.6，ArH), 7.64 (2 H, d, 7 6.5, ArH): 5c 0.3, 94.4, 95.9. 
1()4.0, 122.6，133.4, 137.3. Anal. Found: C 43.98，H 4.22. CnH13SiI requires C 
44.()1, H 4.36. 
/;-Trimethylsilyl(di)ethynyl iodobenzene (119). Staiting from iodobenzene 117 
(0.48 g, 1.29 mmol), the p-tiimethylsilyl(di)ethynyl iodobenzene 119 (0.46 g, 89%) was 
obtained as a white solid after flash column chromatography of the cmde porduct on silica 
gel (hexane/EtOAc = 20/1): m.p. 122 - 126。C: Rf 0.40 (hexane); t>max(KBi-)/cm-l 821. 
857, 1048, 1454, 1470, 1633, 2970； m/z (EI) 400 (M+, 24%); 5n 0.24 (9 H, s, 
Si(CH3)3), 7.24 (2 H, d, J 8.4, ArH), 7.44 (4 H, s, ArH), 7.69 (2 H, d, J 8.3，ArH): 5c 
0.1, 90.3，90.4，94.4，96.5，104.6，122.5, 122.9, 123.2, 131.4，131.9, 133.0, 137.6. 
Anal. Found: C 56.81, H 4.25. C19H17SiI requires C 57.00, H 4.28. 
p-Trimethylsilyl(tri)ethynyl iodobenzene (121). Staiting from iodobenzene 120 
(0.25 g, 0.53 mmol), the p-trimethyLsilyl(tri)ethynyl iodobenzene 121 (0.20 g, 75%) was 
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obtained as a pale yellow solid after flash column chromatography of the cmde product on 
silica gel (hexane/EtOAc = 20/1); m.p. 146 - 15()。C; R^ ().30 (hexaney^tOAc 二 10/1): 
^)max(KBr) /crn-^ 821, 837, 1096, 1254, 1455, 1470，1644, 2920； bn 0.24 (9 H, s, 
Si(CH3)3), 7.24 (2 H, d, J 8.2，ArH), 7.44 (4 H, s, ArH), 7.49 (4 H, s, ArH)，7.70 (2 
H, d，J 8.2, ArH). 
G 3 - m o n o m e r - H (125). A mixture of G3-Br 101 (1.50 g, 1.11 mmol), the phenol 
124 (0.24 g, 1.27 mmol) and cesium carbonate (0.43 g, 1.32 mmol) in a solvent mixture 
of methanol (10 cm^) and THF (5 cm3) was stirred at r.t. After 4 h，the organic solution 
was concentrated under reduced pressure. The crude product was then diluted with NaCl 
solution (15 cm、and extracted with dichloromethane (3 x 10 cm3). The organic solution 
was dried (Na2SO4), filtered and concentrated by reduced pressure to give the crude 
product which was purified by flash column chromatography on silica gel (hexane gradient 
to hexane/EtOAc = 1/1) to afford G3-monomer-H 125 (1.42 g, 92%) as a colourless oil: 
R^ 0.50 (hexane/EtOAc= 1/1); i)max(tilm)/cm-^ 1067，1153, 1204’ 1392. 1470, 1600. 
2120, 2936, 3350； m/z. (L-SIMS) 1394 ( M H ^ 2 2 % ) ; 5H 2 .19-2 .24 (14 H, m, CCH2Q, 
2.99 (1 H, s, CCH), 3.75 (24 H, s, CH3OAr), 4.07 - 4.15 (28 H, m, CH2O), 6.09 - 6.1() 
(21 H, m, ArH), 6.84 (2 H, d, J 6.8，ArH), 7.41 (2 H, d，J 6.8，ArH); 5c 29.3, 55.2, 
64.6，76.2，83.9, 93.2, 93.5, 94.3, 96.3, 114.3, 114.6, 133.6. 159.3，16().9, 161.6. 
AnaL Found: C 68.48, H 6.19. C103H104O22 requires C 68.09. H 6.65. 
General procedures for the synthesis of third generation dendritic 
oligomers containing trimethylsilyi-protected acetylene - G3-oIigomeric 
unit(s)-TMS (126 -128). A solution of G3-monomer-H 125 (1 equiv.)，the aryl 
iodide (1.2 equiv.)，Pcl(dba)2 (5 mol%), CuI (10 mol%) and triphenylphosphine (20 
mol%) in Et3N (10 cm^) was added into a sealed tube purged with nitrogen. The mixture 
was degassed and back-filled with nitrogen three times, the flask was then sealed and 
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stirred at 8()。C. The reaction time required for the monomeric, dimeric and trimeric aryl 
iodide was 24, 36 and 48 h respectively. The mixture was then cooled, diluted with NaCl 
solution and extracted with dichloromethane (3 x 10 cm3). The organic solution was dried 
(Na2SO4), filtered and concentrated under reduced pressure to give the cmde product 
which was purified as described in the following text. 
G3-dimer-TMS (126). Starting from compounds 125 (0.85 g, 0.61 mmol) and 116 
(0.20 g, ().67 mmol), the G3-dimer-TMS 126 (0.69 g，72%) was obtained as a pale 
yellow oil after flash column chromatography of the crude product on silica gel (hexane 
gradient to hexaney^tOAc = 1/1); Rf 0.40 (hexane/EtOAc = 1/1); \^ax(f i lm)/cm-l i()66. 
1153, 1202, 1251，1464, 1600, 2932； m/z (L-SIMS) 1566 (MH+, 14%); 5n 0.26 (9 H, s, 
Si(CH3)3), 2.19 - 2.23 (14 H, m, CCH2C), 3J5 (24 H, s, CH3OAr), 4.14 - 4.18 (28 H . 
m，CH2O), 6.09 - 6.10 (21 H, m, ArH), 6.87 (2 H, d，J 8.8，ArH), 7.43 (4 H, s, ArH) , 
7.44 (2 H, d, J 8.8，ArH); 5c -0.1, 29.2, 55.3, 64.5, 87.8, 91.4, 93.1，93.4，94.1. 96.1. 
104.8, 114.6, 115.1, 122.5，123.7, 131.2，131.8, 133.1，159.1, 160.7. 161.4. Anal. 
Found: C 69.15, H 6.68. C90H104O22S1 requires C 69.03，H 6.69, 
G3-trimer-TMS (127). Starting from compounds 125 (0.70 g, 0.50 mmol) and 119 
(0.22 g, 0.55 mmol), the G3-trimer-TMS 127 (0.70 g，80%) could be obtained as a pale 
yellow oil after flash column chromatography of the crude product on silica gel (hexane 
gradient to hexane/EtOAc = 1/1); Rf 0.38 (hexane/EtOAc == 1/1); i ^ ^ ( f i l m ) / c n r l i()67. 
1153，1200, 1455, 1614，2939; m/z (L-SIMS) 1666 (MH+, <1%): 5n 0.26 (9 H, s， 
Si(CH3)3), 2.19 - 2.23 (14 H, m，CCH2C), 3J5 (24 H, s, CH3OAr), 4.07 - 4.11 (28 H, 
m, CH2O), 6.04 - 6.15 (21 H, m, ArH), 6.88 (2 H，d， J 8.8, ArH), 7.45 (2 H, d，J 8.8， 
ArH), 7.46 (4 H，s, ArH)，7.48 (4 H, s, ArH); AnaL Found: C 70.03, H 6.81. 
C98H108O22Si requires C 70.65, H 6.53. 
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G3-tet ramer-TMS (128). Starting from compounds 125 (0.75 g, 0.54 mmol) and 
121 (0.30 g, 0.60 mmol), the G3-tetramer-TMS 128 (0.71 g, 75%) could be obtained as 
a pale yellow oil after tlash column chromatography of the cmde product on silica gel 
(hexane gradient to hexaiie/EtOAc = 1/1); Rf 0.40 (hexane/EtOAc 二 1/1); i)max(ftlm)/cm'^ 
1067, 1153, 1205, 1470, 1600, 2934； m/z (L-SIMS) 1765 (MH+, 4%); Sn 0.26 (9 H, s, 
Si(CH3)3), 2.18 - 2.23 (14 H, m, CCH2C), 3.75 (24 H, s, CH3OAr), 4.06 - 4.15 (28 H, 
m，CH20) , 6.07 - 6.09 (21 H, m, ArH) , 6.88 (2 H, d, J 8.9, ArH) , 7.44 (2 H, d, J 8.9’ 
ArH), 7.45 (4 H, s, ArH), 7.49 (4H, s, ArH), 7.51 (4 H, s, Ai'H); 5c -0.19, 29.1, 55.2, 
64.4, 87.8，90.7, 90.9，91.2, 91.6，96.0, 96.4, 104.6, 114.5, 115.0, 122.3, 122.9， 
123.0, 123.1，123.7, 128.3, 128.5, 131.1, 131.5, 131.8, 133.0, 133.8, 159.0, 160.6. 
161.4. Anal. Found: C 72.12, H 6.75. C106H112O22Si requires C 72.09，H 6.39. 
General procedures for the synthesis of third generation dendritic 
oligomers containing terminal acetylene - G3-oiigomeric unit(s)-H (129 -
131). A mixture of G3-oligomeric unit(s)-TMS (1 equiv.) and cesium carbonate (1.5 
equiv.) in THF (10 cm^) and methanol (3 cm3) was stirred at ()。C under nitrogen for 1 h. 
The solvents were evaporated under reduced pressure, diluted with NaCl solution (15 cm3) 
and extracted with dichloromethane (3 x 10 cm3). The organic solution was dried 
(Na2SO4), filtered and concentrated under reduced pressure to give the cmde terminal 
acetylene which was purified as described in the following text. 
G3-dimer-H (129). Starting from compound 126 (0.65 g, 0.42 mmol), the G3-dimer-
H 129 (0.56 g, 90%) was obtained as an paIe yellow oil after flash column 
chromatography of the crude product 011 silica gel (hexane gradient to hexane/EtOAc = 1/1); 
/?r().35 (hexane/EtOAc=l/l);o^ax(film)/cm-l 1067’ 1153，1205, 1464, 1600，2935; m/z. 
(L-SIMS) 1494 (MH+, 38%); 5n 2.20 - 2.28 (14 H, m, CCH2C), 3.19 (1 H, s, CCH). 
3.79 (24 H, s，CH3OAr), 4.08 - 4.13 (28 H, m, CH2O), 6.10 - 6.12 (21 H, m, ArH). 
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6.89 (2 H, d, J 8.7’ ArH), 7.46 (2 H, d, J 8.7, ArH), 7.46 (4 H，s, ArH); 5c 29.2, 55.2, 
64.5, 78.7，83.3, 87.6, 91.5, 93.0, 93.4, 94.1, 114.6，114.9, 121.4，124.1, 131.2, 
132.0，133.1, 159.1, 160.7，161.5. Anal. Found: C 69.57, H 6.59. C87H%O22 requires 
C 69.96, H 6.48. 
G3-trimer-H (130). Starting from compound 127 (0.60 g, 0.36 mmol), the G3-trimer-
H 130 (0.55 g, 95%) was obtained as an pale yellow oil after tlash column 
chromatography of the crude product on silica gel (hexane gradient to hexane/EtOAc = 1/1): 
Rt 0.35 (hexane/EtOAc = 1/1)； Dmax(film)/cm-l 1071, 1153, 1246, 1458，1513, 1600. 
2932； m/z (L-SIMS) 1594 (MH+, 5%); Sn 2.20 - 2.27 (14 H, m，CCH2Q, 3.21 (1 H, s, 
CCH), 3.79 (24 H, s, CH3OAr), 4.08 - 4.13 (28 H, m, CH2O), 6.10 - 6.12 (21 H, m， 
ArH), 6.87 (2 H, d, J 8.3, ArH), 7.48 (2 H, d, J 8.3’ ArH), 7.49 (4 H, s, ArH), 7.50 
(4H, s, ArH). AnaL Found: C 71.27, H 6.49. Cg5H100O22 requires C 71.59, H 6.32. 
G3- te t ramer -H (131). Starting from compound 128 (0.45 g. 0.25 mmol). the G3-
tetramer-H 131 (0.32 g, 75%) was obtained as an pale yellow oil after tlash column 
chromatography of the caide product on silica gel (hexane gradient to hexane/EtOAc = 1/1): 
/^r().34(hexane/EtOAc=l/l);i3max(film)/cnrl 1066, 1153,1196, 1484, 1600, 2932： m/z 
(L-SIMS) 1694 (MH+，6%); Sn 2.18 - 2.23 (14 H, m, CCH2C). 3.19 (1 H, s, CCH), 
3.76 (24 H, s, CH3OAr), 4.06 - 4.1() (28 H, m, CH2O), 6.06 - 6.09 (21 H, m, ArH), 
6.87 (2 H, d. J 8.9，ArH), 7.44 (2 H, d, J 8.9, ArH), 7.47 (4 H, s, ArH), 7.48 (4 H, s, 
ArH), 7.51 (4 H, s, ArH); 5c 29.2, 55.2, 64.4, 79.1, 83.2, 83.5，87.8，90.7, 91.0, 91.2, 
91.6, 93.0, 93.4, 94.1，114.6，115.0, 122.1，122.3, 122.5, 123.1, 123.4, 123.7, 131.3. 
131.4，131.5, 132.0，133.0, 159.0, 160.7, 161.5. 
Bis(iodophenyl)acetylene (132). A solution of bis-(p-diethyltriiizinylphenyl) 
acetylene 133 (0.32 g, 0.86 mmol) in MeI (20 cm^) was added into a sealed tube. At.ter 
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tlushing with nitrogen for 5 min, the tube was sealed and the solution was stirred at 12(fC 
for 3 days. The mixture was cooled in ice bath, diluted with NaCl solution (20 cm^) and 
then extracted with dichloromethime (3 x 20 cm^). The organic solution was diied 
(Na2SO4), filtered and concentrated under reduced pressure to give a brown oil which was 
then purified by tlash chromatography on silica gel (hexaney^tOAc 二 20/1) to afford 
bis(iodophenyl)acetylene 132 as a pale yellow solid (0.29 g, 78%); m.p. 88 - 92。C; Ri 
().3() (hexane/EtOAc 二 10/1); i)max(KBr)/cm-l 821, 1046, 1454，1644, 2930; m/z (EI) 430 
(M+，15%); 5H (250 MHz, d^-THF) 7.27 (4 H, d，J 6.7, ArH), 7.76 (4 H, d, J 6.7, ArH): 
Anal. Found: C 39.42，H 1.59. C14H8l2 requires C 39.10, H 1.88. 
Bis-(p-diethyltriazinylphenyl) acetylene (133). A solution of 112 (0.22 g, 0.72 
mmol), 115 (0.17 g, 0.87 mmol), Pcl(dba)2 (0.02 g, 0.03 mmol), CuI (0.01 g, ().()5 
mmol) and triphenylphosphine (0.04 g, 0.15 mmol) in Et3N (10 c m ” was added into a 
sealed tube purged with nitrogen. The mixture was degassed and back-filled with nitrogen 
three times, the flask was then sealed and stirred at 80°C. After 24 h, the mixture was 
cooled, washed with NaCl solution (20 cm3) and extracted with dichloromethane (3 x 20 
cm3). The organic solution was dried (Na2SO4), filtered and concentrated under reduced 
pressure to give a brown oil which was then purified by tlash chromatography on siUca gel 
(hexane>^tOAc 二 10/1) to afford the bis-0^-diethyltriazinylphenyl) acetylene 133 as a 
yellow solid (0.2() g, 71%); m.p. 73 - lTC\ Ri ().3() (hexane/EtOAc = 2()/1): 
i)max(KBr)/crn-l 1067, 1154, 1404，1470, 1600； m/z (EI) 376 (M+,76%); 5n 1.28 (12 H. 
t, J 7.1，CCH3), 3.78 (8 H, q, J 7.1, NCH2C), 7.39 (4 H, d, J 8.3，ArH), 7.49 (4 H, d, J 
8.4, ArH); 5c 12.8, 42.3, 89.9，119.9, 12(15, 132.3, 150.9. Anal. Found: C 70.21, H 
7.62, N 21.92. C22H28N6 requires C 70.18, H 7.50, N 22.32. 
General procedures for the synthesis of third generation dendritic 
oligomers at both ends - G3-oligomeric unlt(s)-G3 (134 - 136). A mixture of 
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G3-oligomeiic unit(s)-H (1 equiv.), bis(iodophenyl)acetylene 132 (0.5 equiv.), Pd(clba)2 
(5 mol%), CuI (10 mol%) and triphenylphosphine (20 mol%) in Et3N (10 cm3) and THF 
(5 cm3) was added into a sealed tube purged with nitrogen. The mixture was degassed and 
back-filled with nitrogen three times, the flask was then sealed and stirred at 80°C. The 
reaction time required for the monomeric, dimeric and trimeric a17l iodide was 24, 36 and 
48 h respectively. The mixture was then cooled, diluted with NaCl solution and extracted 
with dichloromethane (3 x 10 cm3). The organic solution was dried (Na2SO4), filtered 
and concentrated under reduced pressure to give the crude product which was purified as 
described in the following text. 
G3- te t ramer-G3 (134) . Starting from compound 125 (0.65 g, 0.47 mmol) and 132 
(0.10 g, 0.23 mmol), the G3-tetramer-G3 134 (0.43 g, 62%) was obtained as an pale 
yellow oil after flash column chromatography of the crude product on silica gel (toluene . 
gradient to tolueneATHF 二 30/1); Rt 0.35 (tolueneATHF = 10/1): UmaxffilmVcm_l 1()67, 
1153, 1385, 1455, 1600, 2935; Sn 2.21 - 2.25 (28 H, m, CCH2C), 3.77 (48 H. s. 
CH3OAr), 4.08 - 4.13 (56 H, m, CH2O), 6.11 - 6.22 (42 H, m, ArH), 6.89 (4 H, d, J 
8.8, ArH), 7.46 (4 H, d, /8 .8，ArH), 7.49 (8 H, s, ArH). Anal. Found: C 70.04, H 
6.78. C172H190O44 requires C 69.76，H 6.47. 
G3-hexamer-G3 (135). Starting from compound 129 (().48 g, 0.32 mmol) and 132 
(().()7 g, 0.16 mmol), the G3-hexamer-G3 (0.27 g, 55%) was obtained as an pale yellow 
oil after flash column chromatography of the cmde product on silica gel (toluene gradient to 
tolueneATHF = 30/1); Rf 0.45 (tolueneATHF= 10/1)； i)maxtfilm)/crn-l 1042, 1151，1455, 
15()4, 1614, 2917; 5n 2.19 - 2.23 (28 H, m, CCH2C), 3.75 (48 H, s. CH3OAr), 4.07 -
4.15 (56 H, m, CH2O), 6.08 - 6.10 (42 H, m, ArH), 6.89 (4 H, d, 7 6.8, ArH), 7.44 -
7.52 (20 H, m, ArH); AnaL Found: C 71.58，H 6.38. Ci88H198O44 requires C 71.42, H 
6.31. 
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G3-octamer-G3 (136). Staiting from compound 130 (0.50 g, 0.31 mmol) and 132 
(0.07 g, 0.16 mmol), the G3-octamer-G3 (0.33 g, 63%) was obtained as an pale yellow oil 
after tlash column chromatography of the cmde product on silica gel (toluene gradient to 
tolueneATHF = 30/1); Rt 0.45 (tolueneATHF = l ( ) / l ) ; i%ax(f i lm)/cnr l 1058，1154, 1454， 
1600, 2850, 2920； §H 2.18 - 2.36 (28 H, m, CCH2Q, 3.75 (48 H, s, CH3OAr), 4.()8 -
4.15 (56 H, m, CH2O), 6.08 - 6.09 (42 H, m, ArH), 6.88 (4 H, d, 77.5, ArH), 7.43 -
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